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The Air Pollution Training Institute (1) conducts training for personnel working on the
development and improvement of state, and local governmental, and EPA air pollution control
programs, as well as for personnel in industry and academi®institutions; (2) provides consulta-
tion and other training assistance to governmental agencies, educational institutions, industrial
organizations, and others engaged in air pollution training activities; and (3) promotes, the
development and improvement of air pollution training programs in educational institutions
and state, regional, and local governmental air pollution control agencies. Much of the
program is now conducted by an on-site contractor, Northrop Services, Inc.
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One of-the principal mechanisms utilized to meet the Institute's goals is the intensive short term
technical training course. A full-time professional staff is vesponsibie for the design, develop-
ment, and presentation of these courses. In addition the services of scientists, engineers, and
specialists from other EPA programs, governmental agencies, industries, and universities are
used to augment and reinforce the Institute staff in the development and presentation of
technical material.

Individual course objectives and desired learning outcomes are delineated to meet specific pro
gram needs through training. Subject matter areas covered include air pollution source studies,
atmospheric dispersion, and air quality management. These courses are presented in the
Institute’s resident classrooms and laboratories and at various jield locations.
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o Major Course Goals

N .

The major goal of Course #450, "Source' Sampling for Particulate Pollutants”, is to

provide the student with a basic understanding of the theory and experimental

methods involved in isokinetic sampling, the foundation of EPA Method 5.
Knowledge of isokinetic sampling, serving as the core of the course material, will

then be amplified with lectures, problem sessions and lecture-demonstrations in

order to present the many facets of particulate sampling. Upon completion of the

course, the student should be able to design’and plan a source test, perform all of

the calculations involved in reporting a mass emission rate, and understand pro-

blems of error and quality assurance. The student should also become conversant. . N

- “with the methods of particle sizing and transmissometry. He should auwain an

awareness of the problemis involved in source sampling and be able to recognize
what constitutes_difficult experimental situations, a good test, good data, and a
good final report,

T
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. Gourse Objectives -

s

On completion of this course the student should be able to:

[

Define symbols and common source sampling terms used in source sampling for
particulate pollutants. :

Recognize, interpret and apply sections of the Federal Register pertinent to
source sampling for particulate pollutants.

Understand the construction, operation and calibration of component parts of
the Federal Register Method 5 sampling train.

Recognize the advantages and disaavantages of the nomograph and its uses in
the establishment of the isokinetic sampling rate.

Understand the “working™ isokinetic rate.equation and its derivation.

Detine isokinetic sampling and illustrate why it is important in sample
extraction,

Apply Federal Register Methods 1 through 4 in preparation for a particulate
sampling test. - ‘

4

Understard the construction, evaluation, standardization and orientation of the
S Type” pitot tube and its application to source sampling.

Calculate the “Percent Isokinetic” value for a source test. and interpret the
etfect of over or under —isokinetic values on the source test results.

Understand the quality assurance programs involved in source sampling dealing
with nozzle sizing, orifice meter calibration, nomograph standardization and
sample recovery.

List the steps involved in conducting a source test, including completion of pre-
test and post-test forms. The student should be able to recognize potential pro-
blem arcas in preparing and conducting a source test,

Properly assemble, leak check, conduct and recover a Method 6 sample
according o Federal Regider, Aagase 18, 1oy

Apply Federad Regoder Method 3 gas aalysis i tovimulatimg the stack gras
molecular weight and 24 excess an.

Explain the principles behind the operation of particles sizing devices o
sources and name some of those devices being tested by EPA,

Define the terms opacity, transmittance and transmissometer.

Recognize the relationship between optical density and particulate concentration,

§
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- - Introduction |

The determination of particulate emissions from a stationary source requires the
measurement of several source variables. The stack gas emitted from an incinera-
tiol or process stack is a mixture of a number of gas components and particulates.
The temperature and moisture content of the gases vary from source to source,
The volume of gases emitted varies according to the size and type of the plant. It is
not possible to sample all the gases and particulates emitted .from a source in a
given time period, therefore, a system was developed that would extract a represen-
tative sample while monitoring pertinent stack variables. The data from this
representative sample is used in calculating an average particulate concentration in

the stack gas. This concentration is calculater on the basis.of standard gas

temperature and pressure. The data are then utilized in calculating the emissions

in terms of Ibs/106 Btu Heat Input.

The Air Pollution Training Institute has developed Course 450 to instruct
engineers, chemists, and technicians in parriculate sampling methods. The
sampling techniques and calculations used .a the EPA Method 5 source sampling

- system are demonstrated and practiced for student comprehension. Students com-

pleting the 450 course with an understanding of the lecture, laboratory, and text
materials should be able to conduct a Method 5 particulate determination at a sta-
tionary source. _ ' .

This workbook is designed to provide the student with a guide to the lecture L
materials and laboratory exercises. Incorporated in this workbook the student will
find reproductions of selected visual materials, lecture problems and data reporting
forms. Lecture and laboratory sessions are presented in order of their experted
presentation. Space is-provided for-additional notation by the student of lecture

material as presented by the instructor. )




~ Lecturel

"WELCOME, REGISTRATION
AND PRETEST L

Lesson Objectives:

® To allow students to introduce themselves to the class; to determine the actual
level of job experience in the class (the number of stack tests in which each
student has participated) and to complete the pretest.

3
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_ The student will be able to:

»?®

. Lecture 2 = .
INTRODUCTION TO SOURCE SAMPLING
Lesson Objectix'es:

>

* Locate the goals and objectives of the course. = -
' &
A

* . Define the symbols and common source sampling terms. used in the course.

& Recognize the basic features of the EPA Method 5-sampling train.

® Write the expressions for pollutant mass qne and emissfon rate, using symbols
for stack gas concentratiofi, stack gas volumetric flowrate, and heat mput rate,

® Recognize the pitot tube equation on sight and understand the relatxve impor-
tance of the parameters in the equauon )

.~

&
)

® Write the ideal gas law equation and be able to describe the effects of changing
pressure and temperature on a gas volume.

¢ . Recognize the form of an ideal gas law correction equation.

L8
® Recognize the importance of Bernoulli’s principle in source sampling,

‘v
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EPA Metaod 5 particulate sampling train
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Nomenclature

sampling nozzle cross-sectional area
stack cross-sectional area

mean particle projected area

percent moisture present in gas at meter
percent moisture present in stack gas

pitot tube calibration coefficient

standard pitot-static tube calibration coefficient

~ particulate concentration in stack gas mass/volume

particulite concentration o2 a wet basis m\ass/ wet
volume N
particulate concentration corrected to 12% CQq
particulate concentration corrected to 509% cxcess
air

equivalent diameter .

hydraulic diameter

source sampling nozzle d:ameter

emission rate mass/heat B*u input

- base of natural logarithms (1n10 = 2.302585)

percent excess air .

F-factor using ¢ and COg on wet or dry basis
F-factor using cg and Og on a dry basis
F-factor using cys and O9 on a wet basis
miscellaneous F-factor for checking orsat data
pressure drop across orifice meter for 0.75 CFM
flow rate at standard conditions

pressure drop across orifice meter

equal area centroid

pitot tube equation dimensional constant

L
Y

878 mole (immliy)

Metrie Units 310297 in/se .
("I)Omim o

. Ih Ih ioletin. Hy)
English Units =85.49 ft./scc) - - -

(°R)(in. Hy0)

11




vm

vmsld
v.p.

\’s

w
b

length of duct cross-section at sampling site

path length

plume exit diameter

stack diameter

mass

dry stack gas molecular weight

wet stack gas molecular weight

number of particles

Reynolds number

plume opacity at exit

in stack plume opacity

atmespheric pressure

barometric pressure (Pp = Paim)

absolute pressure at the meter

Pollutant mass rate

" absolute pressure in the stack

standard absolute pressure
Metric Units =760 mm Hg
English Units =29.92 in. Hg

gas velocity pressure

standard velocity pressure read by the standard

pitot tube

gas velocity pressure read by the type “'S” pitot

tube

particle extinction coefficient

stack gas volumetric flow rate corrected o

standard conditions

¥

(in. Hg)(ft.3)
(Ib — mole)(°R)

Gas law constant, 21.83

temperature (°Fahrenheit or °Celsius)
absolute temperature at the meter
Metric Units = °C + 273 = °K
English Units = °F + 460 = °R
absolute temperature of stack gas
standard absolute temperature
Metric Units = °20°C + 973 - 293 °K
English Units = 68°F + 460 = 528 °R
volume metered at actual conditions
volume metered corrected to standard conditions
water vapor pressure
stack gas velocity

Volume H9O - Metric units =0.00134 m3/ml x ml H9O

English units =0,0472 ft.3/ml x ml 9O
width of the duct cross-section at the sarrpling site
time in minutes

14
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std
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NOTES:

&

Subscriyts

atmospheric
average
barometric

dry gas basis

final

gage

initial

at meter

at nozle

of pitot tube

at stack

standard cubic feet
staudard conditions
wet basis
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I1I. EMISSION RATE

Methods of monitoring source emissions
, <

POLLUTANT MASS RATE.
. PMR; = c5Qq

Qs | Cs

As'—s Vs * Vn n'1n

for Vm

Isokinetic Conditions
T.Ap
vg = KpCp 5
M Ps
Obtain AH@, D,
Obtain C,,, T, &p Bws' Bwm

Vhozzle = Vstack

ISOKINETIC CONDITION

16
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I/T Ap
ve = K. .C 5
s RTp MS PS

PITOT TUBE EQUATION

Emissions in terms of
lbs / 106 Btu heat input

15



GAS PHYSICS
ideal Gas Law

Volume Correction

Vv =V Ps Tstd
Scorr % Pgyg Ts

Bernoulli’s Principle

¥mAve + mgAh + VA_p =0

16
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Lecture 3

EPA METHOD 5
SAMPLING TRAIN

A
Lesson Objectives:

The student will be able to.

® List the construction ard calibration requirements for the Method 5 Sampling
Nevzle. |

® List the noule, probe, pitot tube, and thermocouple placement requirements to
minimize aerodynamic interferences. .

® List the approved construction materials for the nozzle probe, pitot tube, and
probe liner.

¢ Describe the probe locking system.for preventing misalignment in the gas
stream, '

¢ Describe the advantages and disadvantages of various types of sample cases and
glassware. .

¢ List the advantages and disadvantages of various materials used in constructing
umbilical lines.

* Describe the advantages of magnehelic gages for pressure measurements and list
the requirements for using these gages in an EPA Method 5 Sampling System.

* Compare the cost effectiveness of the nomograph and calculator.

17
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Figure 3-1. EPA Method 5 particulate sampling train

Sampling nozzle
Sampling probe sheath
Heated sample probe liner

Cyclone assembly (proposed regulations do not require this cyclone)

Out of stack filter assembly

Heated filter compartment maintained 120°
(or temperature spc fied in 40CFR subpart

Impinger case

First impinger filled with Hy0 (100 ml)

C £14°C (248 °F = 25°F)

)

Greenburg-Smith (or modified Greenburg-Smith) impinger filled with Hg0 (100 ml)

Third impinger — dry

Fourth impinger — filled with Hg0 absorption media (200-300 gm)

Impinger exit gas thermometer

Check valve to prevent back pressure

Umbilical cord —vacuum line
Pressure gage

Coarse adjustmenr valve
Leak free pump

By-pass valve

Dry gas meter with inlet and outlet dry gas meter thermometer

Orifice meter with manometer

Type 8 pitot tube with manometer

Stack temperature sensor

13
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Lecture 4

DISCUSSION OF LABORATORY EXERCISES

~ Lecsson 'Objectivés:

The student will be able to:

List the procedures for applying reference Method 1 at circular and rectangulai
stacks.

List the steps involved in performiug an “§” type pitot tube calibration.
Describe the procedures for wet bulb dry bulb moisture estimation.

Calibrate the meter console orifice meter when the dry gas meter has been
calibrated against a reference ‘volume standard.

19 -

I~



L

REFERENCE METHOD I

A. Laminar Gas Flow

4 -

B.. Flow Disturbance

C. Procedures

20
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I.ah Exercises

1. TRAVERSE POINT DETERMINATION
Minimum number of traverse points:

(1) Measure the inside dimensions of the duct at the sampling
site. Record this data in table I.

(2) Calculate the duct equivalent _diameter according to the
"~ equation.

a 2(LW)
EqQ  L+W

where:

DEq = the equivalent diameter of the duct

L = the length of the duct cross-section at
the sampling site

W = the width of the duct crOSs—section at
the sampling site.

(3) Measure the distance from the sampling site to the nearest ..

downstream flow distﬁrbénce'(distance A in figure I) and
from the site to the nearest upstream flow disturbance
(distance B in figure'I).

(4) Divide these distances by the equivalent diameter of the
duct. i

(5) Determine the corresponding number of traverse points for

each distance from Figure I. This number must be a multiple

of two.
(6) Select the higher of these two numbers. This is the

ninimum number of traverse points that must be used.
(7) Record all data in Tidble I.

T : 21
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.
DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE IDISTANCE A)

08 1.0 BRT) 20 25
80 T T T ] T T ;

T DISTURBANCE
A .
MEASUREMENY
e $ITE

s
:

kb ISTURGANCE

S

-
(-]

UIN'MUK NUMBER CF TRAVERSE POINTS

* FROM POINY OF ANY TYPE OF
DISTURBANCE (BEND, EXPANSION, CONTRACTION. £1C.)

- 0 | 1 ! ! | i 1

~

2 3 4 § 8 7 . 8 9 10
. .
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B)

Figure I. Minimum number of traverse points,

_ TABLE I
NUMBER OF TRAVERSE POINTS

L=
w= ..
.DEq= -
‘Distance A = - and in equivalent diameters
Distance B = ‘and in equivalent diameters

Number of traverse points required by distance A

Number of traverse points required by distance B

Required number of traverse points

22
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Traverse point location. ' -

(1) Divide the duct cross-section into as many equél

(2)

rectangular areas as there are traverse points.
Maintain the length-to-width ratio of these areas
between 1.0 and 2,0. Use the rectangle below for
diagramming.

Locate a traverse point at the center of each
individual area.

L/W ratio=

Duct cross-section lay-out

23



2. PITOT TUBE CALIBRATION

1. Determination of the [xpe S Pitot Tube Loefficient, C,
1
In this exercise you will calibrate the Type 8§ pitot tube used

- : for velocity measurement against a standard pitot tube.

e Standard Pitot Tube
J/

' Type "S"/Pitot Yibe
| e =~

‘ Inclined Monometer/ .

Figure 2

X

Procedure _

a. Set-up, level and zero.the inclined manometer .

b. Be sure that one tube of the type S pitot tube is labeled "A"
and the other is labeled '"B". ' ,

c. Place an arbitrary mark on the pitot tube such that when the mark
1s placed at the outside edge of the duct, the tip of the pitot
tube is near the center of the duct.

d. Connect the pitot tube to the manometer as shown in Figure 2.

e. Insert the pitot tube into the duct until the mark is at the
outside edge of the duct wall. .

f. Align the pitot tube so that the tube labeled "A" faces directly

into the flow stream.

24
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8. Record (in Table 2) the velocity pressure indicated by the manometer.

h. Place a mark on the standard pitot tube such that when the mark 1is

placed at the outside edge of the duct wall, the tip of the pitot
tube is in exactly the same location in the duct as the Type S pitot

tube was,

“i; Connect fhé piiofrtube to“themﬁaﬁdﬁétéfugé“éﬁaﬁﬁ'iﬁ”éigufémérw

J. Insert the tube into the duct until the mark is at the outside

edge of the duct wall.,

k. Align the tube so that it faces directly into the flow stream.
1. Record (in Table 2) the velocity head indicated by the manometer.
m Dete:mineythe'pitbt tube coefficlient according to the equation

Assume the Cp (standard) is 0.99.

C_ = C_ (standard)
P P

Ap (standard)

Ap (Type S)

n. Transfer this coefficient to Table 2.

e ams e
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CALIBRATION OF "S" TYPE PITOT TUBE

Probe-Type "S" Pitot Tube: ID. No.

Barometric Pressure

NBS Standard Pitot-Static Tube Cp = 0.99

Duct Gas Temperature

Date Calibration Operator(s)
o TABLE 2
S-Type Pitot Tube Coefficient Data
Legs A, B Standard Pitot- - "s" Type
1 of "S" Type Static Tube Pitot Tube C_ Test C_ Test
Pitot Tube ap in. H0 . op 1in. H,0 Preg A | PLeg B
|
Test A {
1 :
B ,<
o
A e
Test s «g‘:
) «
¢ B
Test A = X
3
B
g Cp
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3. WET BULB-DRY BULB TECHNIQUE —_—

\

The determination of stack gas moisture content can be easily accomplished
by either of four "'sampling techniques:

:;mﬂm_wm#““me*mgmmCondansa:ionw(Fedgnal_negisLermMmthodWA).m_..,,.,mmwpnm_“.”_“

Adsorption (modified Federal Register Method 4)
Wet Bulb-Dry Bulb : ‘
Nomograph

The Federal Register Method 4 procedure for moisture deter-
mination in flue gas requires a sampling train composed of a heated probe,
midget impingers and a silica gel tube. The flue gas 1is extracted from the
source at a sampling rate of 0.75 ft3/min or at a rate ézoportional to the

gstack gas velocity. The amount of moisture in the flue gas is determined
gravimetrically and volumetrically from the impinger system/silica gel tube
to give a final moisture determination.

Federal Register
Method 4
Sampling Train

9™

/ N
ico Bath WW Pump Dry Gaa Meter

Another method of determining moisture content of the flue gas

relies on adsorption of the gas stream onto a desiccant (i.e. silica gel).




Sica Ge! Tube

Modified Method 4

i
N L - Finer (Glass Wool

Pump Dry Ges Mele:

The amount of collected water is determined by the weight difference of
the dessicant before and after sampling corrected to standard conditions
employing the following two equations: '

wC

I Equation (1): Bws ks
. we mc
where B = Proportion by volume of water vapor in the

ws
gas stream, dimensionless

= The volume of water vapor collected at

we 3

standard conditions, ft
= Dry Gas volume through the meter at standard

mc 3
couditions, ft

The volumeéof water vapor collected at standard conditions, VQC, is
given in the following equation:

s - 3 -
Equation (2): Vwc 0.0472 ft~/gram (Vf Vi)

where Vf = Final welght of M4 Tube, grame
Vi = Initial weight of M4 Tube, grams
0.0472 = The number of cubic feet that 1 gram of water
would occupy in the vapor state at standard

conditions.

The dry gas volume of sample pulled through the meter at standard con~-

ditions can be calculated from the following equation:

V =V Y m std
me m

. _:5;



3.

where, = Dry gas volume measured by meter, ft

<
=)

m Barometric pressure at gas meter, in. Hg, _ "
= Pressure at standard conditions, 29.91 in. Hg.

std ™ Absolute’ temperature at standard conditions, 528° R
m Absolute temperature at meter (F + 460), R

Y = Dry gas meter correction factor, dimensionless

std

3 3 g g

Both of the ‘above methods require some form of extracting the flue gas
from the source, hence involving considerable time and effort. For approximate
determination, the latter two methods serve equally well in stack gas
moisture determination,

In the we: bulb/dry bulb technique, two mercury in glass thermometers
are required to measure flue gas temperature. One thermometer, dry bulb, is
inserted into the stack and allowed to reach equilibrium. This temperature
1s recorded as the dry bulb temperature. The other thermometer 1s covered
with a cotton wick saturated with distilled water.h It is also inserted into
the stack and allowed to reach equilibrium. The dry bulb rapidly reaches
equilibrium, while the wet bulb rises to equilibrium, levels off, and then
rises again once the wick is dry. The inflection boint at which the tempera-

ture reaches equilibrium is considered the wet bulb temperature,

Measuremen|

Dry Buip

Represeniahion Wet BUlb/Dry Bulb
Moisture Determination

8 Diy Bulb

Temperature n “F

2 A Y A A g

Twne in Minutes

At temperatures below 212°F, wet and dry bulb temperatures may be
measured in the flue gas without worry of sulfuric acid mist being present
and raising the dew point substantially. However, above 212°F, erroneous

results may be obtiined due to rapid drying of the wet bulb wick.
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Moisture content can be caluulated, using the wet bulb/dry bulb
technique, from the following equatlon.

B = Y'P' Moisture Equation
ws I :
abs
where: V.P, = Vapor pressure of H2 -32
= S.V.P.-(3.67x10"" “ye. abs) (T4~T )<1+ 1571)
S.V.P. = Saturated H20 vapor pressure at wet bulb
temperature (inches of Hg) taken from table.on page 31.
Pabs = Absolute pressure of stack gas
ty ® Temperature of dry bulb measurement, °F
t, = Temperatuve of wet bulb inflection point, °F

To determine approximate moisture in a stack gas, perform the
wet bulb/dry bulb technique and £ill in the following equation:

. __°F -32°

V.P. = ___ in. Hg - [3.67 x 10 "(____ in. Hg)(___ °F- °F)(1 + 1571 ) ‘
] ir, Hg .

B o = % 100 = *

w8 in. Hg

Another method for determining approximate moisture in the flue gas is by
the use of a nomograph. The nomograph has been mathematically comstructed to
solve various equations when known process information is supplied. While
nomographs may not be as accurate as actual analysis they do provide a useful
approximate moisture figure needed in solving the isokinetic ratio equation,

To properly use the nomograph, determine the wet bulb/dry bulb temperatures
and procede with the following steps:

(1) Calculate wet bulb depression

td - twet = depression, °F
(2) On the line from stack absolute pressure to wet bulb depression

temperature, mark pivot line #1.
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Wet Bulb
Temp.
Deg. F.

= =80

=

- 10

0
10
20
‘80
40

50
60
70
80
90

100
110
120
130
140

150
160
170
180
190

200 -

210
220
230
240

250
260
270
280
290

300
810
820
330
340

350
360
370
380
390
400

0
0126
0222
0876

0876
.0631
.1025
. 1647

2478

.3626
.5218
.7392
1.082
1.422

1.982
2,596
8.446
4.525
5.881

7.569
9.652
12.20
15.29
10.01

23.47
28.75
35.00
42.81
50.84

60.72
72.13
85.22
100.2
117.2

136.4
158.2
182.6
209.8
240.3

2741
3116
353.0
398.6
448.6
503 6

S.V.P. (Saturated HgO vapor pressure wet bulb temperature—inches of mercury)

l
0119
0209
.0859

.0398
.0660
.1080

1716 -

.2576

.3764
.5407
.7648
1.066
1.467

1.991
2.672
3.543
4.647
6.084

7.759
9.885
12.48
15.63
19.42

23.96
29.33
$5.68
43.11
51.76

61.79
74.%6
86.63
101.8
119.0

138.5
160.5
185.2
212.7
243.5
27:7.7
3155
357.4
405 .4
453.9
LLGU

2

0112
0199
.0339

0417
0696
1187
.1808
.2677

3906
.5601
7912
1.102
1.518

2.052
2.749
8.642
4.772
6.190

7.952
10.12
12.77
15,98

.84

24 .46
29.92
86.37
43.92
52.70

62.88
74.61
88.06
108.4
120.8

140.6
162.8
187.8
215.6
246.8
2813
3195
361.8
408.2
459.2
515.1

]
.0106
0187

.0324

.0463
0728

1186

.1878
.2782

4052
.5802
8188
1.138
1.561

2.114
2.829
3.744
4.900

5.430

8.150

" 10.86

18.07
16.34
20.27

24.97
80.52
37.07
44.74
53.65

63.98
75.88
89.51
105.0
122.7

142.7
165.2
190.4
218.6
250.1

284.9
323.5
366.2
418.1
464.6
528.0

4
0100
0176
.0306

0441
.D768
1248
.1955
2491

4208
.6009
.8462
1.175
1.610

2.178
2.911
3.848
5.081
6.513

8.351
10.61
13.37
16.70
20.70:

25.48
81.18
37.78
45.57
54.62

65.10
77.17
90.97
106.7
124.6

144.8
167.6
193.1
221.6
253.4

288.6
327.6
370.7
418.1
470.0
526.9

B

5
0095
.0168
.0289

.0489
0810
802
2095
.3004

4859

.6222
.8750
1.218
1.660

2.248
2.995
8.954
5.165
6.680

8.557
10.86
18.67
17.07
21.14

26.00
31.75
38.50
46.41
55.60

66.23
78.46
92.45
108.4
126.5

147.0
170.0
195.8
224.6
256.7

292.3
331.7
375.2
423.1
475.5
532.9

‘),6

s;‘00!!9- ’

LOU58

0275 -

0517
.0846
1870
2118
3120

.4520
.6442
9046
1.253
1.712

2.310
3.081
4.063
5.302
6.850

8.767 -
11.12 .

13.98
17.44
21.50

26.58
82.38
39.24
47.87
56.60

67.38
79.78
98.96
110.1
128.4

149.2
172.5
198.5
227.7
260.1

296.1

8359

379.8
428.1
481.0
538.9

7
.0084
0150
.0250

.0541
0892
1429

2208
3240

.4586
.6669
.9852
1.298
1.765

2.379
5.169
4.174
5.442
7.024

8.981

11.88 ..

14.30
17.82
22.05

27.07
33.02
$9.99
48.14
57.61

65.54
81.11
95.49
111.8
130.4

151.4
175.0
201.3
230.8
263.6

12999

340.1
384 .4
433.1
486.2
545.0

8
.0080
0142
0247

.0571
.0932
1502
2892
.3364

4858
6908
9666
1.835
1.819

2.449
3.259
4.289
5.585
7.202

9.200

11.65 .

14.62
i8.21
22.52

27.62
33.67
40.75
49.03
58.63

69.72
82.46
97.08
113.6
142.4

153.6
177.5
204.1
233.9
267.1

303.8
344 .4
389.1
438.2
192.2
551.1

9

0075

0134
0233

.0598
.0982
1567
2382
.3493

.5035
144
.9989
1.878
1.875

2.521
3.851
4.406
5.732
7.384

9.424
11.92
14.96
18.61
22.99

28.18
34.38
41.52
49.93
59.67

70.92
83.88
98.61
115.4
134.4

155.9
130.0
206.9
237.1
270.6

807.7

348.7
393.8
443.4
497.9
557.8
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On the line from the pivot line #1 mark and the tw, mark on
pivot line #2.

On the line from the stack absolute pressure through the mark
on pivot line #2 read % H,0 on scale M. ‘
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In copclusion,@we have discussed four methods for determining moisture in

the stack gas: condensation, adsorptiun, wet bulb-dry bulb and the nomograph.

The method you silect will depend upon your sampling parameters and degree of

accuracy.



4. CALIBRATION OF THE ORIFICE METER

The orifice meter is a thin flat plate with a sharp-edged hole

located. A pressure differential is created across the orifice plate
as gases flow through the concentric hole. This pressure differential
is directly related to the flow rate through the orifice. A properly
constructed orifice meter will lqcate the orificé plate at least 8
pipe diameters upstream and 2 pipe diameters downstream of any dis-
turbances to the gas flow. The pressure differential across -the
*p1ate is best measured by "Radius Taps" locatedﬂl pipe diametér up-
stream and 1/2 pipe diameter downstream of the orifice plate. Im-
properly positioned pressure taps may not give a true representation
of the gas f10w~rate. Calibration of the orifice meter is essential

and should be performed on a regular basis.

EXERCISE - )

E“,> . The exercise is directed at establishing a flow rate through
the orifice of 0.75cfm of dry air (Md=299/mole) at GéoF
29.92in, Hg. (STP). The pressure.differentia1 for this flow
rate is designated AH@.

1. The Ylow rate through the orifice is calculated in the

equation

| T, o C
U = Kn M
m

33
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8H.= Pressure differential in, Hy0
. Kn = Proportionality factor
iﬁmn_m-“m“ | Q, = Volumetric gas flow rate (cfm) e
. ' . = o o ’

Tn = t, (°F) %460
Pn = Absolute pressure at the meter

Mp = Molecular weight of gas flowing through orifice

2. Solving this equation for AH

. Y

T Q, 12 P-;ﬁ'mm /
MM - . _
A [mJ. T |

3. Substituting terms given for AH@

2 .
0.75cfm" (29.921n.Hg. ) (29g/mole) 0.9244
8Hg = = —

ke o . 5280R - K.

"« Laboratory procedures - Record data in the appropriate spaces
on the form provided. ‘ §

1. Turn on sampling méter console.

2. Close coarse valve and turn fine adjust valve all the
way counter-clockwise.

3. Level and zero orifice manometer.

4. Partially open course valve using it and fine adjust to
establish orifice aH.

5. Read DGM dial and simultaneously start stopwatch. Allow

2 minutes to pass maintaining proper aH the entire period.

34
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6. Sﬂmultaneously cjose course valve and stop the watch,

i%?%-f‘"“' . 7;"Record final DGM(reading and other data and repeat pro- e
‘1: - cedure for otherfAH ' _ '

;. 8. “For the higher f?ow rates, it may be necessary, to cut  11
7fgff~f~_ —r===~-off -the: pump- wh1pe ‘Teaving “the valves ‘set, '?ead the DGM,

then simultaneou%ly start the pump and the watch.

m

-9, Perform calculations as il1lustrated on the orifice

o - meter calibration form.

.o — s

Aruitoxt provided by Eic:

I:R\(Z . !
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TABLE 1V
‘Orifice Meter Calibration
@
.. Operator(s) N Date"
""Me_ter Console No. o DGM No.
Barometric Pressure (Pp) . . in.Hg}/’QGM Correction Factor (DGMCF) o
T v1 ] y v vz
AN Initial DGM © Final DGM Qm
in Hy0} Dial Reading Minutes Dial Reading | (CFM) tm(oFﬁ K,
/ _ .
] - . e e - .- EESE N . 4 et e
, o.25j
0.5
Lo 1
[ % LY
2.0 ’ 3
' !
4.0 )
6.0 -
e ' Average
(k)
. ) (Vz— Vl) X DGMCF
chm) O(minutes)
Py My C
Km = Q _
Tm AH
.9244
AH@ = ""—-“"_(_)_ 9“2’ -
(Km)',-
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5. 'DETERMINATION OF GAS STREAM VELOCITY AND VOLUMETRIC FLOW RATE
The volumetric flow rate of a gas stream can now be determined. It is the
velocity of the stream multiplied by the cross~sectional area through which it
is fiowing. The cross-sectional area can be determined by conventional means using
-~ " 'dlameter or circumference-data for-circular-stacks -and length ‘afnd width data for~ T
| rectgngular stacks, Velocity, then, becomes the basic parameter necessary for
volumetric flow rate calculation.
The velocity of a gas stream 1s determined by using a pitot tube., The
pitot tube equation can be written as -

/ . . T
/z;;ve ’

|

where:

Vg = velocity of the gas stream, ft /sec

T = ;bsolute temperature, *R (°F + 460)

P, = absolute pressure, in. Hg

M_ = molecular weight of the-gas, 1b /1b -mole

; 4p = velocity pressure, in. 820

K_ = constant: for the
P in. H,0 °R :
above dimensions
' Cp'- pitot tube coefficient, dimensionless. )

- The volumetric flow rate of a gas stream is calculated . .according to

the equations: Actual Stack Gas Volumetric Flow Rate

Al

: ¢
Qa Ve A

é

Stack Gas Volumetric Flow Rate corrected to .standard condiﬁions

Qsé 3600 sec/hr.(L—Bws) v, A

37




c °

,/[/ Qs’ you mus ¢ measure Cp’Ts y Ap, Ps’ MS, and A.

iy

to determine the molecula; weight, Ms

the volumetric flow rate of“the gas stream at actual
conditions in cubic feet per hoﬁf“fasin'

-the volumetzic-flow rate-ofthe-ges ‘strems on's dry” "

basis at standard conditions in cybic feet per hour

(scth)
conversion factor (3600 sec /hr )

the moigture fraction by volume of the gas stream

(dimensionless)

the velocity of the gas stream at the -inpling site
(ft /mec ) ﬂ

the cross-sectional area of the 84as strean at the

sampling site (ft 2)

the absolute témpetature at standard conditionp

(528° R)

E

. the ‘avérgge, absolute temperature. of the gas stream

(*R)

the average, absplute pressure of the gas atream
(in,. Hg)

the absolute pressure at standard conditions

(29;%2 in. Hg).

tén prder to calculate the velocity, Vg and the volumetric flow rate,

of the molecular weight (Md) of the gas stream on a dry basis and the

determination of the moisture content (Bws)‘of the gas stream.

10

38
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You will notice that in order

» there are two steps--the determination



Procedures: o
Deterni.c the. following: R L
- Y Pit&t tube coefficient (Cp).
2. Velocity pressure (4p).
3. Molecular weight M),

4. Stack pressure (P')ﬁ

5. Stack temperature (T.).

6. Moigture fraction (B ).
us
When you have conducted the exercises and made the appropriate calculations,
transfer the data to Table III and calculate the velocity. _ i

For thils exercise, assume a Md of 29.0 and a Bws as determined in wet

bulb-dry bulb 1lab.
TABLE III

VELOCITY AND VOLUMETRIC FLOW RATE CALCULATIONS

A =
K= 85.49
p
Cp=
1,2
( Apa)ave (in, H,0)
Ts E-] °R !
PS = in. Hg
My = __1b/1b-mole
'Bwsg moisturé fraction
MS= Md (1-Bws) + 18 Bws =
Ve " K cp( JZEa)v .
T P- N
std 5
Q = 3600 8ec /hr (1L -B v A -
8 ws [ Ts Pstd
39
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10.
11.

12

(¥ 1)

13.
14,

15,

. Stack diameter _

. Equivalent diameter (D)

Name

- Group no.
-
Date

DATA SUMMARY

Number of sampling points required

Standard pitot tube Cp
Type S pitot tube Cp

Barometric pressure (Pp)

Absolute stack pressure (P)

Meter temperature (T,)

Stack temperature (T)

% Moisture in stack gas

Dry molecular wEight of stack gas (M)

Wet molecular weight of stack gas (M)

Average gas velocity (v,)

Average stack volumetric flow rate

Actual (Q,)

Standard (Q;)

. A
Meter console no H @

40
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15.

. Stack diameter

. Dry molecular weight of stack gas (Mq)
. Wet molecular weight of stack gas (i)

. Average gas velocity (v,)

Name

Group no.

Date

DATA SUMMARY

Equivalent diameter (Dy)

Number of sampling points required

Standard pitot tube Cp

Type § pitot tube Cp

Barometric pressure (Py,)

Absolute stack pressure (P,)

Meter temperature (Tpy,)

Stack temperature (Ty)

% Moisture in stack gas

. Average stack volumetric flow rate

Actual (Q;)
Standard (Q;)

Meter console no. AH @

This sheet is to be ha.ided in Wednesday morning.
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Lectures b6

ISOKINETIC SOURCE SAMPLING
AND ISOKINETIC RATE EQUATIONS

v

Lesson Objectiiresi

The student will be able to:

Define isokinetic sampling.

llustrate why isokinetic sampling is necessary when sampling for particulate
emissions.

State how the particulate concentration given by the Method 5 train-will change

- when the sampling is performed overisokinetically .

State how the partictﬁhte concentration given by the Method 5 train will change
when the sampling is performed underisokinetically .

Recall the basic equation for establishing the isokinetic rate, AH =K ap

Explain that gas passing through the sampling train undergoes changes of
moisture content, temperature, and pressure.

Explain that the isokinetic rate equation is derived from the requirement that
vp must equal 5, and that one obtains the final expression by substituting the
pitot tube equation and orifice meter equation and by making proper correc-

tions for pressure, temperature, and moisture content.

Recognize the fact that a separate equation exists for the determination of the
nozzle diameter,

Calculate the value of D,,. the nozzle diameter, given the appropriate input
data, using a calculator or a slide rule.

43



Calculate the value of K and AH, given the appropriate input data, usmg a
calculator or a slide rule.

Calculate values of Dy, Kk, and AH using a source sampling nomograph.
State the assumptions of the source sampling nomograph.

Check the accuracy of the source sampling nomograph and recognize the effect
of errors in computed AH values on test results. ’

44
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ISOKINETIC SAMPLING

Isokinetic sampling conditions exist when the velocity of the
gases entering the probe nozzle tip (Vn) is exactly equal to the
velocity of the approaching stack gases (vs), that is V, = V.. The

percent isokinetic 1is defined as:

Vi .
% isokinetic = —— x 100

Vs

and is equal to 100% only when V, = Vg. When Vo Vg (anisokinetic

conditions), sample concentrations can be biased due to the inertial

effects o particles.

If the gas-flow streamlines are disturbed,a; in anisokinetic
conditions:

1. Large particles tend to move in the same initial direction.

2. Small.particlés tend to follow the streamlines.

3. Intermediate particles are somewhat deflected.

As an example, assume that we have a large particle of 6 mass

units and a small particle of .03 mass units. Consider the following

situations;
100% ISOKINETIC
0 O . 00 _ Assume
o O - 00 v, = Vg
o ég 00 0 Q, =1 cfm
o o O -
e O 5 O > 4 large and 4 small
o O ° O —> particles are
' collected/minute
m
o0 S 0 O NOZZLE
o O GAS STREAM LYo
Therefore: .
mass/minute = 4x6+4x.03 = 24.] ma;fnﬁgéts
¢d.1 m.u./min _ mu.
.=t L /MN . 24 9
"1 3 /min P
45

Full Tt Provided by ERIC.
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200% ISOKINETIC

GAS STREAM
el | -
- Xe) o
Assuwe: Vp © 2vs*
Qn = 2¢fm
4 large and 8 small particles collected/minute
Therefore:
mass/minute = 4 x 6 + 8 x .03 = 24,2 m.u./minute
24.2 m.u./min m.u.
C = x "'Tft"“ = 12.1
n 2 ft°/min 3
50% ISOKINETIC
5 GAS STREAM
Je) _ 00
00 ;;::::::::::121:12:__________.
Xe] B Y -
°0 R Y-
°0 \ o] '
aQ S ==
. 00O s 00
Assume: Vn =1/2 Ve
Qn = 1/2 cfm
4 large and 2 small particles collected/minute
Therefore:
mass/minute = 4 x 6§ + 2 x .03 = 24.1 m.u./minute
. 24.1 m.u./min m.u.
C = —w=— = 48,2
no 172 £t3/min PR
Qo ~y
ERigI ¢

Aruitoxt provided by Eic: } 6
-



The criteria of what particle sizes constitute large, interme-

2
3
i

diate, and small particles is a function of the particle density

stack velocity, gas viscosity, and nozzle diameter. Various

studies have been made to determine this relationship. The following

are some references.

1.

ERIC

Full Tt Provided by ERIC.

S. Badzioch, "Correction for Anisokinetic

Sampling of Gas-borne Dust Particles" J.

- Inst. Fuel, 106-110 (March 1960).

W.C.L. Hemeon and G.F. Haines, Jr., "The
Magnitude of Errors in Stack Dus§1§gmpling"
Air Repair 4, 159-164 (November 1954).

H.H. Watson, "Errors Due to Anisokinetir
Sampling of Aerosols" Ind. Hyg. Quart.,
21-25 (March 1954).

S. Badzioch, "Collection of Gas-borne Dust
Particles by Means of an Aspirated Sampling
Nozzle", Brit. J. Appl.Phvs. 10, 26-32
(January 1959).

V. Vitols, "Theoretical Limits of Errors Due
to Anisokinetic Sampling of Particulate Matter"
J. APCA 16, 79-84 (February 1966).
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AH = KAp
SIMPLIFIED:

ISOKINETIC
RATE EQUATION

: 2
Q, = Apv, = Anvg = 7Dy v
4

NOZZI.E TIP VOLUMETRIC FLOW RATE

ORIFICE METER EQUATION

T and P CORRECTION
FOR DRY GAS STREAM

Pm Ts
TR Ty O
Ns (1-Byws ) = nyy (1-Bym )

MOISTURE CORRECTION

Qn - 1—me Ts Pm
— — = O,
1"'Bws Tm Ps

FLOW RATE CORRECTED FOR T, P & MOISTURE

19




Q, - (" ~Bam) Ts Pm K, TmOH
( ~ Bws) TmPs Y PmM

RELATION OF FLOW RATE AT NOZZLE
TOMETER FLOW RATE

20,2 (1-Byy) Ts P Tm AH
— Yy T SE— G —— Km-‘._
4 (1—Bws)Tm Ps Pm Mnm

v =:Ké;:p ‘/I.‘ép_
. PsM,

PITOT TUBE EQUATION

19 30



Y " xp. 2 ‘,TA '
N | Py M,

\\ ' Lo (1 =Bym) Tg Py - Ty, OH

\ - v
(1=-Bus) TmPs APy My,
‘ 2 (1_ Bus)2
A - {%4 (nKpcp) 1-Bws)2 M TmPs}Ap
\ &K/ (1=Byy)? My TP,
e S SOLVING FOR AH

My = My(1-B,,) + 8B,y

M, = Myl(1—B,) + 18By,

MOISTURE RELATIONSHIPS

50




n

=

; 4(:m,,,cp)"’ (1-B,,)2 [v&u-awm) + 188
(

4K, 1-B,m)2 [Md“-Bws’ + 188

ISOKINETIC RATE EQUATION

AH@ IS DEFINED AS THE ORIFICE
.. PRESSURE DIFFERENTIAL THAT
. GIVES 0.75CFM OF AIRAT
68° F AND 29.92" Hg.

An o O PMy,

am——

2
Kmn  Tm

AHg = (.76ctm)2 (29.92" Hg) (29,0?
(460 + g8) Krzn

AH@ = .9244

————

K

51
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#

\ ‘3. "J f L:“! |
o “.:_& . . .
“
107 SIMPLIEYING
" ASSUME B, = 0
) )
o 9244 :
: | (K<,
AND K = 8549
\

ISOKINETIC RATE EQUATION — WORKING vORM,

\ Mg Ty P
AH =’{846.72 Dpt BHg C,2 (18,2 ...."....."‘....’.} Ap
L M, T, P,
o

D, ‘/(E"m ) T
Tm Cpl1-B,,¢) P, (B5p)

NOZZLE DIAMETER SELECTION
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i+ ISOKINETIC AH LECTURE PROBLEM - - ._
- .. Given the following information use the-isokinetic AH equation to find a K factor u«
o for setting isokinetic rate through.the sampling train: ' b
o 7 Qa=075CcPM . |
. - AHg=1.85 S . )
v ot . P"‘ot !ube CP=0.85 . B . o
- tm = 80 OF ) i ) . l | | | ; - .

Py =30.0 . Hg : | - g
P, =296 in. :-Ig _ - .

’ Bym=0 : ’ ' - N
By =0.12 ‘ . |
¢ = 280°F ) ) . |
Ma=29 lb/lb-mole |
Average Ap=0.80 in. Hy0

, You will need to find M, then sulve the equations for nozzle diameter and K.

.

a.

G" .. " (\..

T,

53




3.0

2.5

20

1.5

T T

S—— '.o

REF |

- 1.0
100 = .0.8
— 0.6
50—_ 0.5
o
s0o—3

REF 2
o , C
t ' 20
m :
150 1.5

. %Hy0
o)
10 ps/Pm
- 1.2
20—,
s o
— 'oo
30—-_: ' ’
—— 0.9
40 o8

DRAW LINE FROM OHg TO,t;,, TO OBTAIN POINT A ON REF I.
DRAW LINE FROM POINT A TO % HO AND READ B ON REF 2.

DRAW LINE FROM POINT B TO Py/Pn,.




z , K FACTOR
= ¢ ' 0.001
. 8 PITOT READING
-  CORRECTION ap
= FACTOR 0.002
—1.0
R‘L-':-(tQ- 0.003
=08 - 0.004
=07 TP DA 0008
—os O o008
-—0.5 1.0 0.0
2500 E
=t 0.9 _
1500 ' 07 003
- 0.04
= 0.6
1000£— .08
800= 3 :
— 05 .08
600F=- . E 0.1
500 =04
400 =
- 300 3 0.2.
. 200 2
: 100 E'—O.J 0.3
3 0.4
o = 0-5
| - 0.6 -=
—02 08 =
. ' C 10 =
Set correction factor reference a 3
mark. R 3
Estimate Average pitot tube reading - e
(Ap) by preliminary velocity traverse _ 2=
Estimate average stack temperature -
SF(tg) _ L 3
Align t; and Ap and select ‘appropriate 4
nozzle diameter -
Align new D and t to get a new Ap ~—0.1 2
Align Ap and AH scale reference mark =
to set K factor pivot point and lock 8 =
Determine AH setting for each P 10 =

during the test.

If t; varies Z 20° F reset K pivot pt.

e
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SOURCE SAMPLING NOMOGRAPH CALIBRATION DATA

Form A. Correct the C-Factor obtained in normal operation of the nomograph for Cp #0.85 by:

C-Factor (Adjusted) = (C-Factor Nomograph)

(Pitot Tube Ep’2 .

(0.85)2
p o (Cp2
Nomagraph Nomograph Pitot ('p —_—— Adjusted
ID. No. C-Factor (0.85) C-Factor

Form B. Correct the Nomograph C-Factor for Mg # 291b/1b-mole

C-Factor (Adjusted) = (C-Factor Nomograph)

'1-By,;+ 18 By,/29

Nomograph | Nomograph Stack Gas Dry Molecular | Adjusted
ID. No. C-Factor Weight (My) C-Factor
Form C. Scale Alignment (Check all Nomographs)
~ Step 1 Step 2 Step 38
Set marker | Set one end AH Nomograph Nomograph
on and of marker should ID. No.ee ID. No.
tighten pivot | . on read actual AH readin actual AH reading |

Alignment | AHa 0.1 Ap=0.01 1.0 '

Test 1 dp= 0.00] | ' Apw=0.1 10.0
Alignment | AH=10.0 Ap=1.0 1.0

Test 2 Ap=100 Ap=0.] B
Alignment { AH= 1.0 Ap=1.0 10.0

Test S | Ap= 0.1 Ap =0.01 N
Form D. Nomograph Accuracy*

Meter - INemo-| Calcu-
Console| Meter | Stack Gas | P Pm |Stack | | Nomograph|Calculated | g:vph | lated

AH@ | ty, *F | Byyx 100 ts*F | Ap | C-Factor [Nozzle D,| AH AH

1.84° 5 29.92 | 29.921 1000 ] 1.00

1.00 140 10 29.92 | 29.92| 300 |2.00 /

2.00° 100 S0 359 29.921 500 |200 !

*Assume Qp =0.75, Cp=0.85. Byny=0. My=290

50
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Name

- et m———— o e

Nomaograph No.

Homework Problem
Setting the Isokinetic Sampling Rate

This problem gives practice in obtaining the isokinetic sampling rate using two
methods  the nomograph method and the calculation method. Using the data
-given in Table 1, fill in the boxes of Table 2 for problems 1, 2, and 3.

Note the following:
1. Assume By, =0 for all problems. Assume Qm=.75,
2. In problem 3, correct the nomograph C factor for different Cp and

for different M.
Remember that M= My(1-B,,) + 18 Bus.

©s

4. Equations for D, and AH are page 52 of the workbook.

Table 1
‘ Prol\:lcm -
Number | AH @ Cp tm tg P, P Bys Md Ap
1. 1.84 .85 70 1000 ! 29,92 | 29.92 .05 29.0 1.0
2. 1.00 .85 140 300 | 29.92 | 29.92 10 29.9 2.0
3. 2.00 .80 100 500 | 29.70 | 31.9 .30 26.2 75
Table 2
AHAf [ AHif | AH if | AH if | AH if | AH if
Problem | M, D, K C D, [Ap=1.0{ap=1.0|ap=1.3|ap=1.3 Ap=.8|Ap=.8
Number (calc.) | (cale)) | (nomo.)| (nomw.)| (nomo.)| (calc.) (nomo.)| (calc.) {(nomo.)| (calc.)
1,
2.
3.
57
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Name
Nomograph No.

'HAND IN SHEET |
Homework Problem
Setting the Isokinetic Sampling Rate

This problem gives practice in obtaining

methods - - the nomograph method and th

given in Table 1, fill in the boxes of Tab

Note the following:
1. Assume By, =0 frr all problem.. Assume Qn=.75,

2. In problem 3, correct the nomaograph C factor for differe
for different M.

the isokinetic sampling rate using two

le 2 for problems 1, 2, and 3.

3. Remember that My= My(1-B,)+ 18 Bus.
4. Equations for D, and AH are page 52 of the workbook.

nt Cp and .

e calculation method. Using the data

Table 1
--Prublem ~
Number AH@ Cp tm te P, Pn By My Ap
1 1.84 .85 70 1000 29,92 29.92 .05 29.0 1.0
2, 1.00 .85 140 300 29.92 29.92 .10 29.0 2.0
3. 2.00 .80 100 500 29.70 | 31.9 .30 26.2 .75
Table 2
AHif | AHif | AHif | AHif | AH if | AH if
Problem | M, D, K C D, |Ap=1.0{ap=1.0{dp=13|Ap=1.3 Ap=.8 Ap=.8
Number (calc.) | (calc.) | (nomo.)| (nome.)| (nomo.) (calc.) | (nomo.)| (calc.) |(nomo.)| (calc.)
1.
2.
3.
| |

(To be handed in Wednesday morning)

3
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Lecture 7

-

REVIEW OF REFERENCE METHODS 1-4

Lesson Objectives:

The student will be able to:
¢ Fully describe and perform RMI procedures.

-¢ Lict all Federal Register requirements for pitot tube calibration, construction,
and use. :

® Describe RM4 procedures for moisture determination.
¢ Use RM4 equations for calculation of By .
¢ List the procedures for RM3 gas analysis. -

¢ Calculate and mathematically define,
a, My
b. M
¢. Y%Excess air

61
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CUMVED On
MITERED JuNcTiON

8D(min) :

STATIC ——rtd
HOLED ¥=0.1D)

' GDpmm)¢

u:m»nmc'nl:__.

Standard Pitot Tube
Design Specifications

nes A-!;_ CONSTRUSTED
— — Y rees
] PITOT TUBE
1 NANES
{a)
A $I08 PLANE
LONGITUDINAL /. 108 °v"" 800y
VI A8 E. { LS

8-4I0L PLANE

{2

Oe
l TYrES or

i race.
. "k% }-— Eé&—-— orEMNe
Tt aas P l i VISALIGNMENT
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PROPER MiTOY TURE-
. . © SANPLING :
o NOZZLE !
. —T_¢ wroT Twd () :

o ' L00mOMRIFOR By¢idemnan) CONFIBURATION -

T0

' ¢ MiNiMI2E
SAMPLING NOZILE E. ACROOYNAMIC
INTERFERENCE

.

sausLING SAUALING —y mne mesan
T NORILE ¢ S
ICT
oL o — v S . _ o
MTOY. TUBE - 1IN g
& 308 MEW: 1O MEYVENT MIYOT FieE b
FRON INTERVERING WITH 842 Fiow rant \ |
STARAMLINES APPRGACHING THE NCEILE, - .
TNT KGPACT FRSSUN OPENING PLANE OF TNE MTOP

FUBE SNALL BF EVEN WITN OR ABOVE TNE NOZZLE ENTRY PLANE,

THERMOCOUPLE
PLACEMENT

HELLLE I =

o]
»’ROPER %m ; ’1"_"4

S$tandard Pitot

[ 4
2' (2 Diamaters Upstream)
Static Tube Pert )

“$" Yype r‘
Pitot Tube Port
8" (8 Diamoters Downstream)
CALIBRATION
DUCT
. 063




R NOTES:

ERIC

1.430
1.428
1.420
1418
1.410
1.408
1.400

1.430

"1.428

1.420
1415
1.410
1408

Kvs N, k

- 2 e

L] LS L , v v v I s . L3
1210' 2x10' 3x10' @x10’ sx1n! 6x10' 7x10° a0 exr0}
UNIT N,

K vs VELOCITY (ft. /sec.)

d - U GU G ¥ F U G | & PR S o i &
$-

1.400

v \J T R T T v LA T LA T
10 20 30 40 30 €0 70 80 90 100 110120 110 140 150 160

VELOCITY fL. - sec.
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VELOCITY ERROR VS
YAW ANGLE FOR AN-S - TYPE PITOT TUBE

* 4.57 m/sec . 10% ‘

4

= 15.24 m/sec
s 9.14 m/sec

'}

- 20% _ a
Percent

Velocity Error
- 30%

AMPLE W MEASURING BURETTE

e e T A AN

/

Al

TN N N T T T N R T |

“\\\\\\\\\\\\\\\ SN
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"LABORATORY EXERCISE

GAS ANALYSIS DETERMINATION FOR CARBON
- DIOXIDE, EXCESS AIR, AND DRY MOLECULAR WEIGHT

The orsat gas analyzer .is used to determine the composition of
the stack gas when C02. 02. €0, and N are the principle gas constit-
uents. An integrated Tedlar bag samp1e is taken of the stack gas and
a known volume of the gas 1s ana1yzed in the orsat. The composition

of the gas is determined on a percent by volume basis. This is acc-

omplished by successive removal of c02, 02, and CO with N2 calculated -
by difference. The data are defined by Dalton's Law of Partial Pre-

ssure and the Ideal Gas Law as the mole fraction of each constituent

gas. The vapor pressure of H20 in the orsat analyzer is constant,

~ therefore, all data are given on a dry basis. An outline of the pro-

- cedure is presented here. Please read the Federal Register for com-

plete understanding. .

I.. Integrated Bag Sample

A.  The sampling set up is diagrammed below. A sample rate propor-

tionad to the stack gas velocity is arbitrarily set, such
that the evaculated bag will be approximately 2/3 full after

the allotted sampling time.

Condenser Pump

) Rotamster L
Air Cooled Valve \ B

PI'Ob.—‘
f =t T
l Filter \ &
I
(glass wool) Qulck
: ) Disconnect
Vaive
E \n_ e

s oy A ITTOR . g1



N . I
by .

. B. This apparatus wi1; be aséembled for the student and be in
\ ‘ - | N S
; operation, ¥

l

\  1. Inspect all asPects of this apparatus for complete
\ understanding.\

A 2. Proceed to Orséi\when bag is filled.

II.  Orsat Analysis \

o A Level the analysis so\utions to the mark on the analysis
bottle using the burette leveling bottle. |

1. Turn burette stopcock\to vent ana Vaise leveling bottle.

a. red burette solution. (saturated Na2504 with H2504
to make it acidic and\Qethyl orange 1nd1cator) will
fill durette. \\

" b. close the stopcock. \\_

c. Crimp leveling bottle tubing W1th the palm of your

hand. ) \\\

" 2." Open burette stopcock and the stopcock of the-C0, bubbler

bottle so that gas can entér eaéh container, \\\
‘ a. Slowly release 1eve11ng bottle t9P1ng crimp whm]e
. : - 1ower1ng the bottle. :

',.

b. The €0, absorbing solution (42% KOH) -wil] rise 1n
the bubbler. -

c. Raise CO2 solutidn.to.thg reference mark on the
small diameter pipette very slowly (use the palm of
your hand to make a tubing crimp as a regu]ator)

Do not mix solutions. ‘

d. . Close stopcock to C02 bubbler leave burette
stopcock open to pipette gas to other bubblers.




e

4

3.

.
*

‘Repeat proceduré for other bubblers.

3. 0, (46% KO and pyrogallic acid)

. €O {CuCl in solution with hydrogen and copper ions

to prevent oxidation to CU ** ¢1 ~,)

B. Leak test the burette and analysis bottles

1.

Close stopcocks after bringing analysis solutions in

each bottle to reference mafk._

Level burette solution at mid-scale. Close stopcock and
record reading. ) ‘ ]
Allow analyzer to stand 4 minutes then note level of each
solution, | |

Forgany solution that has falien from the mark, regrezse
the stopcock and check for location(s) of leak, Repeat

leak test until analyzer holds marks for 4 minutes.

v

C. "Analyze gas %ample

1.
2.

Record all information or the Orség Field Data Shéet

Fill the turette with 100:c of gas from tie jntegrated

bag sample. |

Determine the percent by volume in the following sequence :
Co,, 0,, CO. _ .

a. Open the COZ stopcock to the surette. -

b. .Let the gas mix by bubbling through the CO2 bottle
three times using the leveling bottle to move the gas
back and forth through the Tiquid.

3

c. Bring CO2 solution back to'the reference mark and close

the stopcock. Do not mix solutions.

68 -
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\

d. Read burette by leveling solution in burette and

'y - - solution in leveling bottle (both at atmospheric
pressure)

e. Repeat 1 pass only to assure al? 002 ‘has been
scrubbed out and record the constant readings.

f.. Repeat 31l prbcedures for 02 (=10 passes) and CO
(=3 pa%ses)

>

. ant
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9
Dry molecular weight determination

Plant . Comments:
Date ' '
Sampling time (24 hr clock)

Sampling location

8 Sample type (bag, integrated, continuous)
Aralytical methed
Ambient temperature

Operator
lz-lm . 1 2 3 Average Molecular weight
Readin Reg_l_lrg_g Read ng . net of stack gas (dry
Gas Actua! | Net! Actual | Net |*Actual | Net Volume Multiplier basis) My
(Ib/1b-mole)
COy : 44
Oy (net is actual
Oy reading minus 32
actual COg
reading)

CO (net is actual
CO reading minus .28
actual Og reading

Ny (net is 100
minus actual CO .28
reading

Total

Mg =.44(%CO0y) +.32(%02)+ .28(%CO + %N3)

-

- B




Lesson Objectives:

to the true pmr.

!

Lecture 8

CALCULATION AND INTERPRETATION
~OF % ISOKINETIC

[}

The student will be able to:

Locate the equations for %I in the Federal Register and in the course
workbook.

Explain how the %! expression is derived.

Explain the relative importance of the variables in the %1 expression and point
out which ones should be closely checked on the sourcetest report.

Hlustrate the effect of underisokinetic sampling on the measured pmr, relative
/

Ilustrate the effect of overisokinetic sampling on the measured pmr, relative to

the true pmr.

Evaluate whether a source test should be rejected or accepted, based upon the
value of the % isokinetic and whether the emission ratc value is above or below
the standard.

71



DERIVATION
) of the
- ' ISOKINETIC
llf" \ / VARIATION
L EQUATION

Vv
% Isokinetic Variation= _" X 100
Vg

Vn = velocity of gas through nozzle

Vs = stack gas velocity




From the equation
of continuity

Q, FROM COLLECTED DATA

Q. = sz + Vme;ercorrecgg
n )

where 8 = SAMPLING TIME

PERIOD
Ty (P, + 8H
Vorifice:  =[em. <2138 |V,
Corrected Ps Tm
73
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Correction of Metered Volume to Volume at Stack Conditions
Correction for Water Collected in Impingers

= m
Vje fPH20 = M50
PsVew = 'mNTRTs

= The volume of water vapor
My 20Ps at stack conditions-

SUBSTITUTING INTO Qp

o s [ Vi, "AH

= e—  \/ K + = (P + —)]
n 3
P, L 1€ Tm © 1386
)

H R ‘ 3

WHERE Kj, LHOFR ey Fo tt

aa—— MH,0 ml °R
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CERIVATION OF % |

%1 = 20900 = Sn_1q0

Vg VsAn

SUBSTITUTING,

T \ AH
=< KV, . + —M o
P [3 e * 7 (P 13.6)]
%= 100
A, 8 Vs
% | _FR_EXPRESSION
Vv AH
m en
100 T [Vlc Kg + T (P + 36 )]
% | =
© 60 0 v,PA,

-1
[64)




-%l FR Expression
fro;.n intermediate data

. Ts Vim(std) —
) =
1=K 5 A® (1-By.)
K = 0.09450

for English units

& RIEO“‘?S DUE TO AMISOKINETIC CONDITIONS

JFIIT L
.

prw (SMALL)
e

pw
(smail 8 lorge)

Rz aa o or o Tr e 2o

UNDER ISOKINETIC | OVER ISOKINETIC
RELATIVE ISOKINETIC CONDITION,v,/v,




Lecture 9

SAMPLING TRAIN CONFIGURATION:
DEFINITION OF A PARTICULATE

Lesson Objectives:

The student will be able to:

® Write the Federal Register definition of a particulate given in the NSPS
regulations,

® Describe the sampling train parameters effecting the definition of a particulate,

® Define “particulate” ror the sampling train configurations given on page 78 of
the workbook.

I
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Sampling Train Configurations

“

Stack - - '
B . I— Orifice meter
!;:wd Condenser— Pump=—~Dry gas meter
A Filter mainuined at
f:::k-t 248°+ 25°F (120°+ 14°C)
rempera- (see 40CFR subparis for different temperatures)
ture and
pressure - Schematic diagram of Reference Method 5
Seack i [ Orifice meuer
Filter Heated Cond e Pum Dr meter
r probe ndenser p==Ury gus
Gas at
stack
conditions

Schematic diagram of an in<tack train.

Orifice meu:r-l
Heated

Brobe Condenser -« Filter = = Condenser— Pump~ Dry gas meter

At ambient temperature
and pressure

Gas at
stack
conditions

Schematic diagram of EPA Method 5 (Modification No. 1)

Stack
Orifice
meter
Heated mi Cond Filter - I
' orobe ter ndenser fter Pump—~ DGM
Gas at — At ambient temperature and pressure
stack >
conditions

EPA Method 5 (Modification No, 2)

78
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Lecture 10

DISCUSSION OF SOURCE SAMPLING EXERCISE

Lesson Objectives:

The student will be able to:

¢ List the steps involved in designing a stack test.

® List the intormation necesary in a pre-survey of the stack test site.
® Recall the planning steps for a stack test.

® Recall a usable report writing format.

® Describe the basic procedures for performing an EPA Method 5 test including
filling out data forms and making calculations.

e
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Aruitoxt provided by Eic:

04

L_*Analydr comt
1

-t

Planﬁing and performing a stack test,

DETERMINE NFCESSTTY OF ASOURCE TEST ]
*Decide un datd required
*Derermine that source tea will give chin data

vy T £ e e —_

[rATEShURGE T OBJECTIVES

*Prucessievaluation
*Procew design data
*Regulatpry-compliance

e S~ R st—— ety

EACH STACK TEST
SHOULD BE CONSIDERED
AN ORIGINAL SCIENTIFIC
EXPLRIMENT

DESIGN EXPERIMENT

*Develop vampling approach

*Select equiptment to meet test nhjectives

oSelect analviical method

*Evaluate possible errom or hiases and correct
vampling approach

*Determine manpower needed for tent
*Determine time required for tewt with mirgin for
hreakdowns

RESEARCH LITERATURE

sHasic procew operation
Ly of pollutent anited
Trom progess
*Ihysical state at souree
canditions :
*Proliahte points of emiisvion
from protess
*Read sampling i1 soriy
from other proscsses
tampled:
l. Problems to expect
2. Estimates of variables
a. HaoO) vapor
h. Temperature at
sourse
*Study analytical pro-
cedures used for
processlng test samples

*Thuroughly evaluaie entire experiment
with regard o applicahle State and Federal
guidelines

-
PRE-SURVEY SAMPLING SI'TE

*l.gcate hotels and restaurants in area

*Contact plant personnel

*Inform plant personnel of testing ohjeciives and

requiremenis for completion

*Note shilt changes

SDetermine accessibility of sampling site
sEvaluate salety

*Determine port locativns and application to

Methods 1 and 2 (12/23/71 Federal Register)

*Locate electrical power supply to site -
*Locate restrooms and food at plani

*Drawings, photagraphs, or blueprinis of sampling sire
*Evalvate applicability of sampling approach from
- experiment design

*Note any special equipment needed

FINALIZE TEST PLANS

‘lncori)orate presurvey into experiment design
*Submit experiment design for ap-

proval by Indusiry and Regulatory Agency
*Set test dates and duration

CALIBRATE EQUIPMENT

DM

sletermine cunsole AH @

sNozeles

¢Thermometers and
thermocouples

oPressure gages

*Oruat

*Pitmr tube and probe

sNomuographa

PREPARL EQUIPMENT FOR TEST

*Assemble and confirm operation
‘Prerare for shipping
*lnclude spare parts and reserve equipmeni

CONFIRM TRAVEL AND SAMPLE TEAM ACCOM-
MODATIONS AT SITE -

CONFIRM TEST DATE AND PROCFSS OPERATION
*Final step belure travel arriving at site

[ARRIVAL AT SITE

eNotify plant aml
regulatory agency
e rsonel
*Review test plan with all
toncerned
*Cherk weather furecasts
*Confirn: procew operation
parameters in control roum

L

SAMPLING FOR PARTICULATE EMISNSIONS

sCarry equipment to sampling site
*Locate electrical connections
SAuemble equipment

PREPARE FILTERS AND
REAGENTS

*Mark filters with insoluble
ink

*Desiccate to constant
weight

*Record weights in per.
manent laboratory file

*Capy file for on site record

O;b:eanure deionized dintilled

20 for impingers

Owigh silicapgcr'

*Clean sample storage
containers

DETERMINE APPROX.
IMATE MOLECULAR
WEIGHT OF STACK GAS
USING FYRITE AND
NOMOGRAPHS

—

PRELIMINARY GAS VELOCITY YRAVERSF

*Auach thermocouple or thermometer to pitot

probe auembly

sCalculate sample points froms guidelines outlined in
Method | and 2 of Federal Register

*Mark mitot prabe

*Traverse duct for velocity profile

SRecord Jp's and temperatare

*Record duct stacic pressure

APPROXIMATE Hy0
VAPOR CONTENT OF
STACK GAS

|
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[RECORD ALL INFORMA.
o TION ON DATA SHERTS
OSxmplr tase number

*Mrier console number
*Prybe leugth

ey

e e e g ¢ e st oo e e =

1
1 . L

A3

"USE NOMOGRAPH OR CAIGULATOR 10 SIZE |
NOZZLY. AND DETERMINE G FACIOR

*Adjust for molecular weight and pitot tube ¢
*Set K pivin puint on nomograph !

LEAK TEST COMPLETELY ASSEMBLED

. i SAMPLING TRAIN 15" Hg VACUUM AND .
hatomeqle prequre MAXIMUM |.EAK RATE OF 0.0 GFM R
o — : >
.M::&l::, H,0 NOTIFY ALL CONCERNED THAT TEST IS ABOUT
O'I':;:n.mper isor 1O START . - . )
) .
.l-,,h',‘,','}h",':,‘f',‘:,,,l [CONFIRM PROCESS OPERATING PARAMETERS ] ‘
O(Zenerlai commenty " : > — "
olniti GM dig i T -ESS 'E
] M il readings START SOURCE TEST — [MONITOR PROCESS RAL E]
| [r——— *Record start time - military base ' TAKE MATERIAL
' TAKE INTEGRATED ' *Record gas velocity 1SAMPLES I¥ NECESSARY
e SAMPLE ORSTACK GAS ';)t'lerunn(- .\Illllulre(!'[rum nomograph T
. 'O SAT AN ‘SIS (O *Stan pump and set orifice meter I A NCT
-1 f.(!.ll:}%':m? l;‘h”'érlf[\;l‘g (OR differential manometer w desired At :)2?: CONTROL ROOM
FYRITE READINGS *Record ,
ACROSS DUCY) 1. Sample point
Y 2. Time from gero
L. Y. DGM dial readiny
' . ANALYZE STAUK GAS FOR 4. Desived AH  /
o CONSTITUENT GASES 5. Actnal AH .
) , 6. All tensperatures DOGM, stack, sample case v
.L’:i";'?"m mol\e(‘ular eMaintain isokinetic SH at all times
.(:0: and 0, sRepeat for all points on traverse
concentration for F-factor N | —

calculations.

—>

PREPARE OU'HER 1 RAINS
FOR REMAINING
SAMPLING

I |
4

——t
AT CONCLUSION OF TEST RECORD
*Stop timie - 24 hour clock
*Final DGM
*Any pertinent observations on sample

) |

LEAK TEST SAMPLE TRAIN

*T'est at highewt vacuum (in, Hg) achieved during test

*l.eak rate should not exceed 0.02 CFM

*Nate location uf any leak if possible
— I |
REPEAT PRECEDING STEPS FOR THREE
PARTICULATE SAMPLES

REPACK }:Qmmu'l’!
AFTER SAMPLING IS *
COMPLETED -

\

! .
-
o 5
;
K}
!.
!
i
!

ERIC

Aruitoxt provided by Eic:

—
SAMPLE CLEAN-UP AND RECQVERY

*Clean samples in laboratory or ather clean area
removed from site aud protected from the outdoors

*Note sample condition

*Stote vamples in quality assurance containers

oMark and label all samples

sPack carefully for shipping if analysis is not done on
sice ,

ANALYZE SAMPLES

eFollow Federal Register or State guidelines
*Document procedures and any variations employed
*Prepare analytical Report Data

X

CALCULATE

*Moiswure content of stack gas
*Molccular weight of gas
*Volumey sampled at standard conditions
*Concentration/standard volume
sControl device efficiency
*Volumetric flow rate of stack gas
“Calculate pollutant mass rate

L

WRITE REPORT
*Prepare as possible legal document
*Summarize results
*lllustrate calcujations
*Give calculated resules
*Include all raw data (process & test)
*Attach descriprions of tesdng and analvtical methods
*Signatures of analytical and test personnel

SEND REPORT WITHIN MAXIMUM TIME
TO INTVERESTED PARTIES

81
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PRELIMINARY 'EASUREMENTS AND SETUP OF THE SQ&PLING TRAIN

- -
» ‘ . . ‘
.

. . AR . ’
Using the data collected during the Monday afternoon lab 'session, deter-

r

mine the following parameters: : .o

° Determination of equivalent -diameter and traverse points
. Stack gas velocity and volumetric flow rate ‘
. e Moisture content of flue gas - . P )
| ' | /
e Scack gas temperature and molecular weight

The above parameters must be determined in order to pick the correct

nozzle size and to set the nomograph. Incorrect selection of nozzle

.s1ze may result in not being able to maintain isokinetic sampling

rate, thereby voiding the sample,

SAMPLING

The on-site sampling includes making a édnal selection of proper nozzle

size, setting the nomograph or calculator, making an initial leak-check,
inserting the probe into the stack, sealing the port, sampling isokinetically“
while traversing, recoxding the data and making a final leak-check of the

sampling system. _ _ “\

However, due to the sampling port locations in the test section,'oooperation
is required with the group directly located acrogs from your own test port.
Referring back to Figure 3, we see that ports 1 and(? of each module lie on
the same centerline. Thus, in order for a traverse to be done without
interfering with one another, the group 'located at port 1 should s;arf

thelr traverse with the first traverse point closest to the facility inside
wall., Simultaneously, the group located at port 2 should start with the e
furtherest traverse point from the inside wall. Thus, while one group is
traversing toward the opposite wall, the other group is returning to that

wall. - r

Qo
o
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" 1I1.’ SOURCE TEST.

deucribed below.

s /
7

3bood drganization of the sampling team will make the source test much

' easler, save time and improve the quality of the data. Each sample team

member should have a specific task at the site. The flow chart provided
is a brief outline of procedures. The entire experiment is outlined in

the two=-part flow Lhart you have received The procedures involved are

(

Description of P;ocedurés

_A. ' Assemble the Sampling Train

1. Inspect the sampling nozzle

° The nozzle éhould be perfectly round and of uniform
diameter throughout. -Any out-of-round nozzles should

4 be rounded or replaced.

e * " The round nozzle diameter should be precisely measured

with a micrometer to three decimal places.
2% Inspecf the éampling probe*

LI Remove swagelock union and determine the presence of
asbestos string,(TS$3SO°F) or rubber o-ring seals and

2 a compression seal spacer,

-

° Inspect the end of the probe glass liner for cracks

' and chips,

° Make certain a small diameter hole 13 drilled in the
probe sheath (allows pressure equalization)

° Remove the liner and, check the glass liner heater

. connections for frayed wires.

. 4

° Inspect the condition, alignment, and attachment of
the pitot tube,

& Reassemble and position in sample case.

*NOTE: These steps have already been done for you. They
are included here for you to follow when you are on
your own.

83
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-_ "“' 40

3?5§-Sample Case -
V4

<

° Check the thermometers

o Inépect the electrical connectious for the umbilical
cord, probe, and filter heater.

e . Be certain the sampling probe attachment is in proper

order for the sampling.

e Close ice compartment drain plug., -
Glassware*
e Be sur2 the glass impingers are clean . =

] Grease all joint surfaces-for the ball joint type

m_glasswarh - inspecting all pieces for cracks or chips.
® Fill the impingers:

1. Me2y.ve 100 ml of distilled water into each of the

first .wo impingers.

2. The (hiis impinger is left empty.

3. Place approximately 200 g of prewcighted indicating
silica gel into the fourth impinger. _
The first, third and fourth impingers are modified Creenburg-
Smith while the second Jmpinger is a standard Greenburg-Smith design.

Place the impingers into the sampiing hox and assemble the sampling
train using the appropriate U-tubes.

*NOTE: These steps have been done prior to laboratory exercise.

Load Filter
] The preweighed filter is removed from _ic sealed éontainer -
and placed in the filter holder. Make sure that the filter
is centered correctly in the holder with the sample side
toward the probe.. The filter holder should be tightered

unt.1l the two halves are secure.

° Attach the probe to the filter holder, being sure not to

apply excessive torque to the glass components.

81 33



B. Leak

1.

Test the Assembled Sampling Train

Test the completely assembled sampling tralin at 151in. on the

Vacuum Gage.,

° Be certain the valves on the RAC Meter Console are "out"

o

) Turn on the console pump

o Turn on probe heater and filter box temperature switches, allow to

.reach operating temperature,.

() Turn fine adjust valve fully counter-clockwis?

() Seal nozzle opening with duct tape or rubber stopper

° Open;coarse adjust valve slowly until fullycounter-clockwise
o Slowly turn fine adjust valve clockwi;éaﬁﬁtil vacuum

reaches 15" Hg. on gage. If you over shoot 15" Hg. do not
turn fine adjust valve back, simply read and record at

vacuum on gage.

Fine Adjust |
Valve s close ' Coarse Adjust

Open t

- opsn 2=\ ve
Atmosphers “~ @

pull vacuum through

vacuum system when closed

Pump

() Note DGCM dial pointer. If the pointer does not move for
15 seconds the leak test is gond. If it continues to move,
time the leak using a stopwatch. 0.02CFM is the maximum

acceptable leak rate
. Any leak greater than 0.02CFM must be prevented.

o Slowly release vacuum at the nozzle before closing coarse

adjust valve.

Trark down any leaks by successive back tracking leak checks—-
Disconnect filter and test the system back from the first

impinger, etc.

{Record the leak rate

sm



C. Calculate Sampling Points on Traverse Following Method 1 Guidelines
and Mark Probe From Center of Pitot Orifice Back to Sample Case.

set up nomograph and calculators.

1. Use the data from the Monday laboratory for stack temperature

and average Ap.

Yy
t
tS

Each laboratory group is to set up at least one calculator and

at least one nom h in order to obtain AH values.

R. Fill Out Data Sheets
1. Label time intervals for each sampling point
2. Record the initial DGM reading

3. Fill out all data blanks

c. isokinetic Sampling

1. Place ice in the condenser section of the sampling train. Turn
on the probe heater and filter box temperature switches. Check

to insure proper operation. Allow to reach operating temperature.

2.  Fill out the appropriate information on the "Particulate Data"
sheet. Th's should include date, time, test time at each point and
DGM reading. Once all information has been recorded, the test can

begin.

3. Move the sampling ftrain to the first traverse point with the nozzle
pointing directly into the gas stream. Seal the port and immediately

start the pump, noting time and DGM reading.
e Determine and calculate the proper AH using the calculator or

nomograph. Check to see that the nomograph and calculator values
agree.

e Adjust AH using coarse and fine valve.

¢ Maintain isokinetic conditions during the entire sampling
period by observing Ap and setting AH through the use of
the nomograpb or calculator. Xrdjust the sampling rate
at each traverse point by adjusting the coarse and fine
valves., When significant changes in stack conditiouns are
observed, compensating adjustuwents in flow rate should be

made. Three conditions would account for realigning nomograph

lfRJ(j or calculator: fj
= e 86




1. Stack gas temperature varies by more than 25°F,
2, e (average temperature of meter) varies by more
than 11°9F,

3. Significant changes .n molsture content (Bys) -

° At each traverse point, the following information should
be observed and recorded on the field data sheet: stack
temperature (ts), velocity pressure head (Ap), orifice
pressure differential (AH), gas temperature at dry gas
meter (t:m ), éample box temperature, condenser temperature

avg .
and probe temperature. The time period at-each traversé

point must-be long enough to obtain a total sampling period
representative of the process being monitored. The time at
each traverse point must be sufficient to obtain a total

sample volume of at least 30 DSCF. N

Fifteen seconds before the end of sampling at the first
traverse point, move the probe and sample container assembly
to the next point. Allow a short time period to stabilize

the Ap reading. Adjust AH to the corresponding isokinetic
rate and record on data sheet, Repeat this procedure for each

additional traverse point,

. F. Test Completion

1, At the completion of the test, close the coarse control valve
on the meter, remove the probe from the stack and turn off
the pump. Remove the probe carefully from the stack to insure
that the nozzle does not scrape dust from the inside of the port.
Seal the port. Keep the probe elevated to insure loss of sample does

. mot occur. Record ail proper information on the field log sheet. |

This should include final DGM reading, stop time, probe temperature
and meter box temperature.

2. Perform a post leak check on the sample train following the same

procedure as in the pretest. Record final leak rate on data sheet.

G Sample Recovery
l. Disassemble sampling train
e Disassemble filter holder and seal until ready to clean
¢ When probe has reached ambient temperature, seal at both ends

until ready to clean. 87




IV. ANALYTICAL RECOVERY

During sample recovery, care must be taken to prevent loss or

contamination of the sawmple.

° 'ilter Holder - Care must be taken when removing the filter

from its holder, Be sure that extraneous dirt does not become
a part of the sampling run. Place the filter into its original
container, seal, label akH record filter number on the data

13

sheet,

° Silica Gel -~ Transfer the silica gel from the fourth impinger
to its original preweighed container. The use of a funnel to
transfer the silica gel would be most helpful. Once it has

been transfered, label and seal properly.

o Condenser - Measure the total volume of condensation (+# 1 ml)
tfansferring the contents of the first three impingers into

a graduated cylinder. Record on the data log sheet.

° Acetone Wash-Front Half - Wash all internal surfaces of the

sampliqg train from the nozzle tip up to the backside of the
filter holder with acetone. Determine the volume to the. |
nearest ml and transfer to a labeled container. A brush with
a handle as long as the probe may be used to dislodge parti-
culate matter from the inside of the.probe. Include this

with the acetone washings.

V. ANALYTICAL ANALYSIS

4.

Record the necessary data on the 'Laboratory Analysis Data' sheet
concerning sample identification and sample integrity. Proper pro-
cedure indicates desiccating both for 24 hours in a desiccator, then
weighing to a constant weight. However, the time period for this
course is restrictive, therefore, weigh the filter without desiccating.
For proper analysis,—please refer to The Federal Register, Vol. 42,

No. 160, August 18, 1977.

88
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° Silica Gel - Weigh the spent gilica gel to the nearest 0.5g using
a-balance. Record the final weight on the "Data" sheet.

° Filter - Weight the filter to the nearest 0,1 mg using a balance.
Record the final weight on the '"Data sheet".

Probe Wash - Submit your probe wash to :he instructor. He
will evaporate the sample and have it weighed for you. The data
will be supplied to you Thursday morning.

VI. CALCULATIONS

2

Complete the "Source Test Data Summary" worksheet fouad in the workbook.

This should include information obtained during Monday's and Wednesday's
laboratory sessions.

Note: It will be necessary to defer the calculation of Cs,

pmr, and E, the Emission Rate, until after you have
received the weight of the particulate contribution
from the nozzle and probe. The instructor will provide

this data to you Thursday morning.

3Y 8\;?



Particulate Field Data
Very Important - Fill in all Rlanks

) Plane _. . S (:P‘”—"' o et e e e Test start time —— .
Runno. . Allg e e e+ e Stop time ———
Location e Powinc g D, calculated (in.) 7
Date et et = Pom Mg D,,. used (in.) e
Operator e s B (assumed) . _ e Ambient temp., °F v
Sampleboxno. o oL L Mo L —— Bar. pressure.in. Hg | _
Meterbox oo L Mool o Heater boxsetting, °F .
NomuographiDno. 0 . T OR e Probe heatersetting, °F ____
Osatno . Dawerebuilt TR . Average AH —
Fyiteno.  ___ Date rebuilt Al’avg_- in. H,0 A Leak rate@15 in. Hg Pre-test____ . Post-test
Dry i Orifice AH Dry gas Pump Impin- X
Clock gas ‘ Pitot in HoO temp. °F vacuum| Box ger Stack Stack Fyrie
Point time meter | 1M H20 - in. Hg! €MP. | qeqp, | Press. | temp. tyycé)e
(min) CF Ap Desired | Actual Inlet Outlet | gauge °F oF in. Hg °F o2
TN
1;
i !
—+
Commients
Fest abservers ¢ continued




- Dry N Orifice AH Dry gas Pump Impin- | ‘
("l"(_*k gan ' Pliot i" ll2(.) temp. o vacuum Box. ger Stack Stack Fyri
" Point cufu- meter | 1 HoO ) in, Hg tcm‘p. temp. press. iemp. (y)’é‘ge
_ (min) CF Ap Desired | Actual Inlet | Quiet | gauge °F of in. Hg °F M2
- ——t s
F
i

T T T

Cammenty

Test obseners

90




Y
2,
3,
4,

[ 1]

%0 3 o

9.
10.
11,

12.

.

-

15,
16.

Name
Group No.

SOURCE TEST DATA SUMMARY

Total number of saunpling points

—

Total test time minutes

Stack cross-sectional area sq. ft.

Orsat analysis
' %COy
%09

%No

CBws
) My ——  Ib/Ib-mole

Mg Ib/Ib-mole
Averﬂge stack gas temperature ______ OF 4 460 =

°R

. "Barometric pressure (P'},) in, Hg

Absolute stack pressure (Py) in. Hg
Stack gas velocity data
Pitot tube Cp=
Average Ap in. HeO
Average velocity (vg ) ft/sec
Average stack gas dry standard volumetric tlow rate (Q) DSCFH
Sampling nozzle diameter inches

Particulate catch weight mg
Meter console volume
Volume metered (V) CF

Standard volume metered (Vinstd) DSCF

Particulate concentration ( ¢g) grains’ DSCF

9% Isokinetic

e _Ibshr
Emission rate b/ 1088ty
(Use F-factor for propane)

Pollutant mass rate at standard conditions ____

92



3K Y
‘ S -

Y
N

> a Name

Group No.

SOURCE TEST DATA SUMMARY

. Total number of sumpling points -
2. Total test time —_ minutes
3. Stack cross-sectional area —  _sq. f1.

4. Orsat analysis
%COy

%09
%Ny o
By — |
My — Ib/Ib-mole
M e—_ Ib/lb-mole
5. Averagestack gas temperature ______ OF 4+ 460 = _ __°R
6. Barometric pressure (Py,) in. Hg
7. Absolute stack pressure (Pg) in, Hg
8. Stack gas velocity data v
Pitot tube Cp = _—
Average Ap _____ in. HyO
Average velocity ( vg) ft/sec
9. Average stack gas dry standard volumetric flow rate (Qy) DSCFH
10. Sampling nozzle diameter - inches
1. Particulate catch weight mg
12. Meter console volume
Volume metered (V) CF
Standard volume metered (Vi) DSCF
3. Particulate concentration (cy) grains DSCF
1.t 9% lsokinetic
I5. Pollutant mass rate at standard conditions Ib hr

16. Emission rate ___Ib/106Bu
(Use F-factos for propance)

93
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ERIC

Aruitoxt provided by Eic:

«©

Source test outline.

'
1]

!

1 .
CALIRRALE EQUIPMENT [_A.SSLMHLL SAMPLING 1 RAIN J *Mark dry and desiceate
*Nursles [ filters 1o constant weight
DM

*Ortflice meter
sMeter console
o Pitat tubey
*Nomograph

LLEAK TENY
Pt lines
| *Meter consule
*Sampling train @ 15" Hyg.

sAssemble in filters and wal
until ready to use

ESTIMATE CO2
CONCENTRATTON USING
FARIIE

[ CALCULATE SAMPLE POINT USING METHODT |

1

DO PRELIMINARY TEMPERATURE AND
VELOGITY TRAVERSE

ESTIMATE Han IN DUCT

"USING WE'I' BULB--DRY

BULB
J

[(SET UP NOMOGRAPH OR CALCULATOR

—

l,_
PREPARE TO T'AKE
INVEGRATED SAMPLE OF
FLUE GAS DURING EN-
TIRE DURATION OF TEST

[ ANALVZE USING ORMAT |

L8]

FILLOUT DATASHEET
*Date *DGM Reading
Slime ¢ I'est titne at cach point

MONITOR AT EACH TEST POINT
DBGM—On time
._)p
sAppropriate \H
*Stack temperature
*Sample case temperature
*lmpinger temperature

STOP TEST AND RECORD

*Fimal DGM
*Stap time

*Notes on sampling and appearance of sample

LEAK TEST AT HIGHES T VACUUM REACHED
DURING TES1

SAMPLE CLEAN-UP

*Probe & nozzle *H20
sFilter ohilica Gel

1

MONITOR ROILER
OPERATION

1

RECORD FULL FEED
RATE AND PRODUCTION
RAILR

CALCULATE

*Moisture content of gas

*Molecular weight of gas (dry & wet)
*Average gan velocus

*C tsokinhetic

*Pollutant mas rate

(concentration and ratio of areas)

WRITE REPOR'1

95 ) -

')



Lééture | 11

CONCENTRATION CORRECTION
AND PROBLEM SESSION

.

Lesson Objectives:

The siudent will be able to:

® . Discuss the relationships that exist in fossil fuel-fired boilers between vxcess air,
% Og.and % COy.

® Define excess air..
® Correct a particulate concentration to standard temperature and pressure.

4
®. Correct a particulate concentration to 509 excgss air using two methods.
Py

® Correct a particulate concentration to 12% COg. &

¢ Correct a particulate concentration to 6% Os.

97 ¥
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0
v : )
I, CONCENTRATION COIERECTION

1
s 4

CONCENTRATION CORRECTION

Cs = ¢ Pstd Ts
corr PsTstd |
‘} . , : 3
g I‘b
A ’ .
e\

" % EXCESS AIR
i
‘y EA Volume Excess Air :
; “ P Theoretical Volume required
for complete combustion

- X 100

N
% EA.
i

L

. % 0,-.5(%CO)
264(% N,) — [% O, — 5(% cojj < 190

50% Excess Air Correction for Cg

Given % EA

| _ g [100+% EA]
' ®s50 T T 150

*° ;. . 98



sl

50% Excess Air Correction from Orsat Data

N CS. . . '
°sg0 T 1 = [1.5(%02)-.133(%N2),—.'75(%CO)
21 o
i.
.

.
P
".- .)
{f.ﬁ
o <
CORRECTING CONCENTRATION
. t0 12% CO5 S
o =g 12
12 "5 %coy .
¢
CORRECTING CONCENTRATION TO 6% OXYGEN
! {
c -  (209-6.0)
S
6%02 “209-%0,
99
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R N

I1. PROBLEM SESSION
Several pfoblems are presented to help in understanding the use of
these concentration corrections and give you practice. Examples of

the calculations are given in Problem I.

. Problem 1

Source testé were performed at a facility burning residual oil on
two different occasions. The fuel feed rate was 10 gallons oil/Hr. for
both tests, however, the % Excess Air varied to insure good compustibn.
Given the following Test data calculate the corrected pollutant concen-
tration in grains (gr /ft 3) for each condition shown in 1 e table pro-

vided.

1

- Orsat Analysis clso

Test |2 Qs MR cs ~ From

Kumber | EA | %60, | 20, | XCO | 2N, DSCF/min | gr /mwin | gr /DSCF 6512 2 EA | Raw Orsat Data

1A 10113.3{2.2] 084.5 14,300 | 10,000

1B 9.7]7.10.2{83,0 19,400 10,000

Example Calculations

Test Number 1A

C =

1. Average pollutant concentration (Cs)

PMR _ _1 X 10% gr /min
S Qg 1.43X10* DSCF/min

= 0.699gr /DSCF

100




2. Average pollutant concentration corqgcted”to 12% CO2 in duct gas - -

g ) _ e
*12 g < )
cg.. *c =& =0.699gr /0sCF =2« o.631gr /OSCF
12 w, 13.3

3. Average pollutant concentration corrected to 50% EA (cs )
‘ 50

a. Using known % EA

e, =c, MOXEEA g 6oogr soscr 22010 . g 5139 sDSCF
50. . 150 - 150

b. Using raw orsat data

c :
. o s
c -
Sgg = . 1.5(%02) - 0.133 l%NZS - 0.75 (%C0)
21

0.699gr /DSCF
550 1.5 (2.2) - 0.133 (84.3) - 0.75(0)
1 -
21

C

= 0,507gr /DSCF

Reéord the data calculated in the examples then calculate concentra-

tions for Test 1B.

Problem I1I

A coal fired boiler burns coal at a rate of 100 1b/Hr. Two source
tests at the facility yielded the following data. Make all calculations

and complete the Table.

Orsat Analysis c°50

Tent | Z Qs PMR Cy From
Number | EA | 2C0, | X0, | 3CO | N DSCF/min | gr /min gr /DSCF 6312 %2 EA | Raw Orsat Data

2A 12.1(7.1{0.3(80.3 18,000} 13,000

2B 100} 9.1/10.4 0Op0.3 24,000| 13,000

e
101
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Lesson Objectives:

hd .

Lecture 12 -

LITERATURE SOURCES

I he student will be able to: .

Recall at least three types of sources from which informatibn on source sampl- o
ing methodology may be found (books, periodicals, newsletters, EPA publica- ' . :
tions).

List the most important penodxcals and professional organizations that transmi;
source sampling information. :

Tell how to receive assistance in obtaining EPA publications; and wmputemed
literature searches.

103
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LITERATURE SOURCES

A. Books

B T Ty e

B. Periodicals

104 -

104
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‘ C. EPA Publications -

D. Newsletters >

E. Others.

105
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- Lecture 13 “

%
h] . .

THE F-FACTOR METHOD

Less3n Objectives: = !

The student will be able to:

L Qeﬁne the F~fac:’9r used in EPA Method 5 calculations,. . ... .. ..

¢ Discuss how,the F-factor can give a value for the emission rate.

* Describe the requirements for using the F-factor in the EPA Method 5 test for

new FFFSGs.
¢ Reuall alternate F-factor methods.

¢ Use F-factors for cross-checking Orsat and combustion data.

107
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- Volume of theoretical dry
_' 'ﬁi‘”_‘" combustion product burned/Ib "
4 10° Bu/lb Heating value
of fuel combusted
20.9
E = c.F :
s'd [20.9 - %oz_]
< F FACTORS FOR VARIOUS FUELS
' F‘ e Y /R Fo
FUEL TYPE  duct /10°BN  #c1/10"BN wact/iPBIy
BITUMINOUS 9820 i8I0 - 10680 1140
COAL ]
OlL Y220 1430 10360 L3468
NATURAL 8740 1040 0e50 1.79
GAS
w00D 9280 1840 — 1.8
-

Volume of theoretical CO,
genera‘tad by combustion / Ib

¢ 10" Biu/lb heating value of
fuel combusted

105
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Fc ‘FACTOR METHOD

£ - oFe (%co,)

Alternate F Factn- Method
using wet basis data

E=co F [ 209 .
T CwsFd 209 (1-B)—%
{ ws) /002w

Bws = fractional moisture content
of stack gas

Wet F Factor Methad , A

Fw

20.9
E = Cusfw 209 (1-Bwal %03

Bwa = fractional moisture cuntent
in air

s 104

ha R



Use of F factors for cross checks

Qo 2@9—% 0y
Fdicale) = Gy ( 20.9 )

Fw(calc) = 6',.7

i

Q5w <%C°2w)
Fe(cale) = (oTH) 100

Fo factor
- 20.9 Fy
100 F,
20.9-% 03 d
% COp d

5

Fo =

Correcting for Incomplete Combustion
(% CO2)adj = % CO2 + % CO

(% O2)adj = % Oz — .5(%CO)

110
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R : - Lecture 14

.CALCULATION REVIEW -
. " Lesson Objectives:
‘The student will be able to:
¢ List the clean-up procedures for the RM5 sampling train.
‘¢ Make all calculations for an RM5 stack test.
¢ Distinguish the uifference between sampling precision and sampling accuracy.
‘o Answer all questions on the pre-test.
[» -




> . a
. ". '\”'H”“h ) v °
Class Data Summary ;
: No. | _ _ ‘ E .
>, sample’ |- Time | Ay | Ay M, P, v, Q, Vi . ¢, PMR l!)s/.
Group| pu. min, | £i2 | £2 (B, Ib/lb-mole| in. Hg | ft/sec | DSCFH | sd | %1 gr/fd /by 1058
& - ‘, ol A
. . o : Y \d *
'-’ \‘-, ( .
3 5
‘4 ) ‘
. vy
" .
6 W, , .
7
t‘ LY
i o
v :
' . t




L N
~° Lecture 15 |
" - ERROR ANALYSIS
Lesson Objectives: . o | . S /

..T'he student will be able to: *~

-
e

“
N

* Explain the difference between precision and accuracy.

L4

e List and describe three categories of error. (systematic, random, illegitimatc)

* Discuss the reldtive precision of EPA reference methods 2-5.
® Use the concepts of this lecture and not missapply the terminology in discussions
. of source sampling results. :

IR
vt
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" ERROR “ .
ANALYSIS

L2 29 LS M 132 L33 L34 133 L8 LT LM Us
THE TRUE VALUE

PRECISION AND ACCURACY

. Precision refers to Accuracy refers to
Reproducibility Correcfness

[a] PrecisiON 1s GooD [E] soH PRECISION AND
BUT ACCURACY IS POOR ACCURACY ARE_GOOD

1 | SYSTEMATIC ERRORS
2 |ranDoM ERRORS
3 LLLEGITIMATE ERRORS

10:
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‘Lecture 16

SOURCE SAMPLING QUALITY ASSURANCE
AND SAFETY ON SITE -

Lesson Objectives:

‘I'he student will be able to:

Recall the important aspects of an accident analysis program.

List the 10 causes of accidents.

List some personal safety equipment for a source sampler.

List the important items necessary to assure good quality test data.

117
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QUALITY ASSURANCE CHECK LIST
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CAUSES OF ACCIDENTS

Poor instructions.

Poor planning

Improper design

Proper equipment not provided
Failure to follow instructions

Neglece or improper use of equipment
Faulty equipment

Untrained personnel

u ncooperative personnel
Unpredictable sutside agents

119



Lecture 17

PARTICULATE SIZING USING
A CASCADE IMPACTOR

Lesson Objectives:

The student will be able to:

® Describe the equation of. continuity £0r a flowing ideal fluid.

® List several particle properties and give the most important property.
¢ Define effective particle size.

® Define particle aerodynamic diameter.
¢ Describe the relationship between particle diameter and its physical properties.
* List several methods of determining particle diameter othe: than inertial sizing.
® Recognize the importance of .’a cascade impactor.

® Detine the Dsgp for an imbactor collection stage.

® Describe the sampling procedures used for an in-stack cascade impactor,



INERTIAL PARTICLE COLLECTOR

GAS INLET

IMPACTION
COLLECTION
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". Lec_ture 18

TRANSMISSOMETERS

~ " "Lesson Objectives:

\
N .
=~ I'he student will be able to:
e Define the terms opacity, transmittance, and tsansmissometer,
e Express the relationship between opacity and transmittance.
® Recognize the proper expression for optical density.
‘e Discuss the EPA requirements tor the design and performance of
transmissometers placed on sources regulated by NSPS.
¢ Define the meaning of photopic and give at least two reasons why light in the
photopic region is to be vsed in transmissometer design.
¢ Explain that optical density is proportional to grain loading and discuss the ad-
. vantages and limitations of correlating optical density to grain loading.

‘

® List several uses of opacity monitors.

115
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OPACITY IS THE PERCENTAGE OF
VISIBLE LIGHT ATTENUATED DUE TO
THE ABSORPTION AND SCATTERING OF

LIGHT BY PARTICULATE MATTER IN
FLUE GAS.

% OPACITY = [00% - % TRANSMIT TANCE
T
M

BEER - BOUGERT RELATIONSHIP

T=em

= Fraction of light tranamitted

Yransmittance: q = Particle extinction coelticient
[] = Number of particies | = Lenxth ot eftuent patn
per unit volume

o a = Mean particle projected area e = Base 0! natural logarithm

"
I1¢
126 _
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Optical Density = log,, — Op;ci v

_ ‘Opticol density is a measure of the ability of
an cerosol to attenuate light,

' quticol density is proportional to both path
length and particulate concentration,

11+

127




*  VENDORS OF SINGLE - PASS TRANSMISSOMETE RS

-
B )

Cost Range $800-$ 4,000

‘Bailey Mater
Cieveland Controls, Inc.
De - Tec - Tranic Corp.

Reliance Instrument Manufacturinq
HABCO ..

l.eeds & Northrop

Photomation, Inc.

Preferred Utilities'Manufacturing
Electronics Corp. of America

Robert H. Wagner

VENDORS OF DOUBLE ~ PASS TRANSMISSOMETERS

Cost Range $8,000 $16, ,000

Environmental Data ~rp.
F.esearch Appliance Co.
Dynatron Inc.

Esterline Angus

Lear Siegler

Contraves - Goery Corp.
Datatest, Inc.

Anderson - 2000

128
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OPACITY MONITOR
SPECIFICATIONS

* SPECTRAL RESPONSE —————— PHOTOPIC

RELAYIVE RESPONSE, %

ANGLE OF VIEW %
ANGLE OF PROVECTION 8%
CALIBRATION ERROR <3 % OPACITY

/
P

SPECTRAL RINPONSE SPECIPICATION LIMiTS

POR OMOTY WONITONS

T Eii ™ Y, ate P n
aad ' L
MHOTOTOME
AZSPONSE OF
HUMAN EVE
d -
N g

(ig 4
RANSE AT €00 am

_,mmllllml'l

=
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" WAVELENGTH, am’

[SPECTRAL CHARACTERISTICS J

oTOMeE TUNBTEN MLANENY
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WO ¢
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!
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(WAVELENGTH IN NANOMETERS ]| -

VLTRAVIOLLY
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PARTICLE SIZE EFFECTS

1.1 ) .
$80 BANGUETER WAVELENGTH Llﬂf!

:

——

Vo

0l 02 03 0A08 Y- 20 WW® 0o
" PARTICLE DIAMETEA IN MICRONS

3

. ©
=

COEFFICENT OF LIGHT AT YENUATION

ANGLE QF
PROJECTICN

LIGHT SOURCE

lo—IIAG #1.(3.5m)
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TRANSMISSCVETER APPLICATIONS

1. Installation to satisfy EPA continuous opacity monitoring requirements.

2. Installation for process performance data - - maintenance and repair indicator, process improvement
"3, Installation for control equipment operation - - ESP tuning, broken bag detector.

4. Correlation with particulate concentration,
~ Bb. Maintenance of a continuous emissions record.

~

LIGNITE -
FIRED
BOILER
EMISSIONS

(standard
conditions)

)

QUST CONCENTRATION

hg'l-' sry

_&

N

—-—g'- 7
o / A
' B ;
100492 /a%°
0 $
G083 Q0 OB Q20 Q28
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METHOD 5—SOURCE TEST DATA SHEETS
Preliminary Survey—Source Sampling Site
Date. : Survey investigator
Plant name City. State
Previous test(s) by: : Reports available
Plant contacts Title, Phone,
' Tite Phone
. Title Phone,
- Complete directions to plant from point of origin
‘ Local accommodations: nearest motel miles
Restaurants ——
Nearest hospital Phone.
Rental cars and vans available
Plant Operation and Process Description
Description of process
Description of control equipment
Schematic Drawing of Process Operation (Note location of sampling)
Sites and control equipment:
Sampling sites Anticipated constituents of stack gas

bl ol S




Process fuel type(s) ' Feed rate
Process raw material(s) Consumption rate(s)
Process nroduction rat~(s) :
Samples to be taken of:
- . Plant operation: Continuous _ Batch
— Shift changes and breaks
i . Plantfacilities: Entrance requirements__________ Food Restrooms
' First aid Safety equipment Compressed air source
Laboratory - Equipment available
Reagents Ice

Sampling Site and Stack Information

Type | Duct |Duct con- [No.of | Port | Diameters|Duct gas] Duct ghs] Average | 9% Stack
SamplingiPollutant | dimen: | struction sample | dimen-| straight | temp. | velocity Apin. Ap | premure

site  |emimions| slons | material | poru sion run to F ft/oec | HoO0in | in gus | in. Hg |
ports duct

Sketch of duct to be sampled with port locations and all dimensions

138 12¢




© "Sketch of vupling site including all dimensions

Acéess to work area

Electrical outlets available
1. Voltage -

ft

2. Extension cords needed,

3. Adapters

Recommended modifications to sampling site

| Work area (locate electrical outlets) ‘

Sampling method suggested

Equipment needed: Sample probe length Noazzles
Glassware Sample case: Horizontal traverse Vertical
No. of needed sample cases __ Meter consoles Probes Filter assemblies ____
Special equipment: : .
Reagents needed
Safety at Site
Condition| Sampling Chemical
descrip- | site(s) Ventila-| hazard | Warning
. tlon °| general |Ladders| Scaffolds| Platforms| Lighting | ton protection| system
[\dequate
Poor
intglenble




' Personnel Safety Equipment

Respiratery equipment
liem | Safety

face | Hard | Safety| Safery| Hearing| Puri- | ‘Selt | Air
glanes ohiclds | Bau | shoes { belss | protec- fying | con- [supplied

ton | type |cained

-7 Heat

protect-
extin- | wction ling gar-

sprons,
gloves

Needed
at site

Avail.

able at’
plant

Must be

brought
by
sample
team

Description of additional safety equipment recommended:

womments;

124
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Name

METER CONSOLE CALIBRATION |

Console no.

Wet test meter no.,

R TV

Dry gas meter no.

" Barometric pressure, Py,

in. Hg Previous calibration aad date _

Date

Correction factor

Dry gas meter correction factor

. Temperature
Orifice | Gas volume |Gas volume | Wet test Dry gas meter
manometer wet test dry gas T

setting, meter meter Meter | Inlet | Outlet | Average | Time

AH, Vs Vd, twe |tdir | tdo td 0

in. Ho0 8 fi3 °F | °F | °F °F min | v | AHg
0.5 b
1.0 )

2.0 10

4.0 10

6.0 10

8.0 10

Average
Calculations
v AH@
AH V, Ppltq + 460) 0.0817 AH [ (1, + 460)6 ]2
AH 5% Vd(Pb+ 3.”‘.)(‘“*4@ Pp(tq + 460) [ Vw ]
13.6

0.5 0.0368
1.0 0.0737
2.0 0.147
4.0 0.294
6.0 0.431
8.0 0.588

7

cury, in. Hg0. Tolerance = % 0.15 inches.
should fall between 1.59 - 2.09 inches, or modification may be necessary for some
sampling situations.

Orifice AHg

= Ratio of accuracy of wet test meter to dry test meter. Tolerance =
4Hg = Orifice pressure differential that gives 0.75 cfm of air at 68°F and 29.92 inches of mer-

Formn for meter console calibration

141
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&by

NOZZLE CALIBRATION _-
Date Calibrated by
Nozzle
identifi- Dy, in. Dy, in, Dg, in. 4D, in, Davg
cation #
where:;

Dy, g, 3, =nozzle diameter measured on a different diameter, in. Tolerance = measure

within 0.001 in.

AD

Davg = average of Dy, Dy, and Djs.

Nozzle calibration data.

142

=maximum difference in any two measurements, in. Tolerance = 0.004 in.
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———— * .- . W
. - - N

G - TE'APERATURE CALIBRATION _
. . i \
Name : Date
Barometric Pressure : Land Elevation_
ICE BATH 7
Hg in Glass Corrected Hg Temperature Device
Thermometer in Glass Identification No. :
.. Temperature “Temperature Temperature
°C | *K °F R °C K °F | °R - °C *K °F *R

BOILING WATER BATH

Hg in Glass Corrected Device
Temperature Temperature No.
°C |k °F | p °C| k| or | R °C- °K °F *R

MINERAL OIl BATH

- Hg in Glass Corrected Device
Point Temperature Temperature ~ No.
*C *°K | °F *R °C| °K| °F | *R *Cl°K|°F | eR

1 ¢
h_'

2 P

3

4

Form'for temperature calibration.

_ 4 1-43




Method 1—Sample and Velocity Traverses for Stationary Sources
Sample Site Selection and Minimum Number of Traverse Points

Plant : e LiSCALiON,
Sampling locktion ..

- Sample team operator(s) ;

Sketch of stack geometry (including distances from sample sce to any disturbances)

Interior duct cross-section dimension

Sampling port diameter in.
Sampling port nipple length —in.
Stack crois-sectional area f2

' Sampling site: diameter downstream of disturbance

~ Minimum number of sampling points
Total test time
Comments:

Diametersupstream
Individual point sample time

Sketch of Stack Crom-Section Showing Sample Ports and all Dimensions

Sample point .
sumber

Circular stack
% diameter

Distance from |

sample port
opening in.

oo |r|jw|re]|=

| d
e

—
[

—
N
-
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Particulate Field Data : | ,
Very Important --Fill in all Blanks ’

- Plant - e Test start time

. Run no. AHg .. Stoptime ____
Location : - Py, in. Hg "Dy, calculated (in.) :

" Date .. —_— P,. in. Hg Dy used (ing)
~Opemtur — B, (assumed) Ambient temp,, °F
Sample box no. ; —_— M Bar. pressure, in, Hg
Meterboxno. __ M . Heater box setting, °F _
Nomograph IDno. ______ S T °R_ ¢ Probe heatersetting, °F ____
Orsatno. . Daterebuilt ____ T, °R (. " Average AH | ——

Fyriteno. __.__ Date rebuilt Leak rate@15 in. Hg Pre-test._____ Post-test______

g

Al’avg.- in. Hy0

Dry ) Orifice AH Dry gas Pump Impin- |
Clock gas |, Pitot in Hy0 temp, °F vacuum| Box ger Stack [ Stack Fyei
Point - time meter | 10 H20 in. Hg| temp. temp. press. temp. yrite

(min) CF Ap Desired | Actual Inlet | Outlet | gauge °F oF in, Hg °F %C02_

Comments:
“.&")
Test observers. — continued
!

IToxt Provided by ERI

ERIC ‘



) Dry ) Orifice AH Dry gas Pump Impin- ‘ .
(..Iuck gas . Pitot in HoO temp. °F vacuum| Box ger Stack Stack Fyrit
Point time meter | 10 H20 ' in. Hg| 'emp. | (o, | press. | temp. q)éoe 1
. (min) CF Ap | Desired | Actual Inlet | Outlet | gauge | ¢ °F oF in. Hg °F o2
Comments i
Uest obsenvers continued
Iy
13
‘na’:(?ﬁ )
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/

Laboratory Analysis Data Particulate Source Sample

Analysis date(s) : ' Analytical cherist
" Plant sampled Location
Sampling location, Sampling date(s) -
Sample run no. Sampling case no.
Sample labels: Hg0 — Silica gel Filter ~ Probe
Impinger rinse i Dry particulate Other.
Analysis performed -
Reference method Analytical sample temp. °F
Comments: '
olsture Data [ Total Moisture ‘
Final volume Hg0 in impingers ml "Hg0 Condensad ml#
/ Initial volume Hg0 in impingers m . sy
Volume Hg0 condensed sl Hg0 Absorbed . -
[ inal weight silica gel —gm Hg0 Total : mi
Initial weight silica gel —gm '
jPanicuhu Daa - Total Particulate Sampled
FH;-CHg-O-CHg-CHsl CHClg extract Organic fraction mg
' Flask no. Inorganic fraction mg
Final weight mg Front balf particulates mg
Initial weight mg - ’
Organic fraction mg
Extracted Ho0 Flask No. Total Particulates
Final weight mg Run No.. :
Initial weight mg
Inorganic fraction _ ——Ing
Filter Flusk No.
*  Final weight mg
Initial weight : mg
Filter and particulates ——mg
Filter no. Tare weight__mg mg
Particulates mg
Dry particulates and probe_____mg
Front half particulates _____ mg




Sr

Orsat Field Daa” . o ’

Orsat identification no. . Date reagents added -
Checked by .. — - "
Plant location . Sampling date ’
Operator(s) ' —
Sampling location : Average fyrite COg
. Moisture content of stack gas (B,,) : : — Fuel used
~ Fuel feed rate Combustion source description
Process production rate ' o Steam production rate
Comments:

Test no. | Sample time | Analysis Burette readings
'  Start | Stop time Coo | O | CO

Component Mole fraction = %composition h\; '

1 COg
Og¢ - COg
CO -0y
100~ CO =Ny

Dry molecular weight of stack gas (Mq) = EMyBy
Mg = .44 (—%COg) + .32 (—%03g)+ .28 (__%CO) + .28 (__%Nz)=__gm/m

" Wet molecular weight of stack gas (Mg) = Mq(1-Bys) + 18gm/m(By;)

Mg=(——gm/m) (i~_) +&}8gm/m (—)=e—_gm/m
%09 —0.5(%CO)
(0.264)(%N2) -(%029) +0.5(%CO)

% A= (-—%0g)- 0.5(__%CO)
* 7 [(0.264)(—%Ng) - (—%Og) +0.5(_—_%CO)

% Excess air in the duct (%EA)=[ ]x 100

%

] x190=

-/

136
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Solution; Level marked
Volume: Initial Final
~ Clean up by:

Plan:: City:
Site: Sam., type:
Date: Run no:

Front rinse D Front filter D Front solu D
Back rinse D Back filter D Back solu D

Remarks

Examplz sample label



a -

Appendix B

Source Sampling Calculations
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Source Sahmpling- Calculations

This section presents the equations used for source sampling calculations. These
equations are divided into two parts —equipment calibration, and source test
calculations. Gaseous source test equations are included to aid the source sampler
perferming both particulate and gaseous emissions tests. The purpose of the section
is to give the reader a quick reference to necessary mathematical expressions used
in source testing experiments.

/

EQUIPMENT CALIBRATION EQUATIONS |

‘Stausscheibe (Type S) Pitot Tube Calibration

Calibration Coefficient (Cp) r
td
(Eq. 6-1) Cp(s) = Cp(std)\[ A;.s

Deviation from Average Cp (Leg A or B of Type S tube)

(Eq. 6-2) Deuviation = Cp(std) — Cp
Average deviation from the mean 6 (Leg A or B)
(Eq. 6-3) |Cp(s) - Cp(A or 3)'

3
5=
1 )

Sampling Probe Calibration Developed by Experiment and Graphed for Each
Probe Length

Test Meter Calibration Using Spirometer

Spirometer volume (temperature and pressure correction not necessary for ambient
conditions)

(Eq. 6~4) [Spirometer displacement (cm)] X [liters/cm] = liters volume
Convert liters to c: feet (ft 3)

Test Meter Correciion actor

Spirometcr Standard ft 3 o
(Eq. 6-5) = Test meter correction factor

Test meter ft 3

I3y



Correct Volume
. (Eq. 6-6) [ Test-meter volume) X [ Test meter correction factor] = correct volume

Orifice Meter Calibration Using Test Meter
Test meter volumetric flowrate (Qym) in cubic feet per minute

(Eq. 6-7) Qm= [?‘est meter (Vy) ~ Test Meter V;] x [Test meter correction factor]
where Q= cubic feet per minute

Proportion:ality Factor (K,y)

Py My,

Eq. 6-8 Km=Qm AL

(Eq. 6-8) Ty AH

Orifice meter AH@g
(Eq. 6-9) 1. English units AH@g = 0'92;4

Km

where Q. =0.75 ¢fm at 68°F and 29.92 in. Hg
(Eq. 6-9) 2. Metric units AHg = 0.8506

where Qn  =0.021 m3/min at 760 mm Hg and 20°C

Sampling Meter Console Calibration

Ratio of the accuracy of Console Gas Meter Calibration Test Meter (7).
1.lerance 1 £0.02

Vi Ty Py

AH
Voo T (P +——-)
m ¢ b 13.6

(Eq. 6-10) Y=

Meter Console Orifice Meter Calibration (AH@g)

' 2
76
(Eq. 6-11) 1. AHm = BAH
where K=0.0817 English unats
=0.0012 metric units
(Eq. 6-12) 2. - AH@g = 29244
K2

154
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R

. Source Sampling-Nomograph Calibration
| Isokinetic AH Equation |

2] ‘ Y
(EQ. Isokinetic A = 845.72 Dp? AH g Cp? TmPs (1_p,%(Md) (ap) English
6-13) | T3Py, M, units

7 Sampling Nozzle Equation ’ g
{’% | Ea 614 Dn = 0.0358 Q Py I [ Ts M Engh’sh-
| q. 6-14) "V TmCp(l-Byy | P (Ap) units

Adjusted C-Factor (Cp)

.[Cp ]2
(Eq. 6-15) C-Factorgdjysted = Cfactor 085
Adjusted C-Factor (Mg #29)

| 1= By + 18 By/29
~ Bys+ 18By,. /My

(Eq. 6-15) C-Factorgdjysted = Cfactor )

SOURCE SAMPLING CALCULATIONS
Method 1—Site Selection

Equal Area Equation (circular ducts)

- VA Il
(Eq. 6-16) P=50 [l 2n ]

Equivalent Diameter for a Rectangular Duct

D.= 2(length) (width)
(Eq. 6-17) E™ length + width

Method 2—Gas Velocity and Volumetric Flow Rate
Average Stack Gas Velocity

) T -
(Eq. 6-18) v.s:KpCp l/ P]:I (‘/—A/’) averag e
§7s

Average Dry Stack Gas Volumetric Flow Rate at Standard Conditions (Qs)
Tsed P

) 0, = ~ Byg)ts As | ——




(Eq. 6-22) %EA =

(Eq. 6-26) Bus= y—3

Method 8—~Orsat Analysis

Stack Gas Dry Molecular Weight |

(Eq. 6-20) Mg =ZMyBy=0.44(%CO02) +0.32(%02) + 0.28(% N + %CO)
Stack Gas Wet Molecular Wexght

(Eq 6-21) ' M;=Mj(1 - Byg) + 18 By,

Percent Excess Air (%EA)

(%02) - 0.05(%C0)
0.264 (%N2) - (%02) +0.5(%C0)

Method 4~~Reference Mois_ture Con;ent of & Stack Gas

x 100

Volume Water Vapor Condensed at Standard Conditions (V,,.)

_ (ml H0)oy R Ty

(Eq. 6-23) = =K1 (Vr-V;
! YT Pua My 1=
where K;=0.001333 m’/mlfm metric units
=0.0470" ft.3/m! for English units
Silica Gel ) ,
(Eq. 6-24) K2=(Wr-Wy=vp,
-.where K2=0.001335 m3/gm for metric units
. =0.04715 ft.3/gm for English units

Gas Volurrie at Standard Conditions

AH
. Tsed\ [Pv+ 136
(EqQ. 625 Ymisd)=Vm¥m (Rczd) T Ty

Moisture Content

Yse * Vm(Std)

Method 5—Particulate Emissions Testing
Dry Gas Volume Metered at Standard Conditions

Leak Rate Adjustment

(Eq. 6-27) Vm=[Vm~ (L1~ Lg)§— 7— (Li— Lo)b~ (Lp— Lg)by]
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~ (Eq. 6-29) %1 =

Standard Dry Volume at Sampling Meter

Pyd

| - (Tud\ [R+T86)
- AEq. 6-28) med)=V mym( ) Tm )

Isokinetic Variation

Raw Data
100 Ty [K3V)o + (Vi /Ty (Py+ AH/18.6)]
60 6 vsPsdy,

where K3=0.003454 ™™ Hg m’
. ‘ ml °K

in. Hg ft.?
ml °

=0.002669

Note: This equation includes a correction for the pressure differential across the

dry gas meter measured by the orifice meter — average sampling run AH readings.

Intermediate Data

Ts Vin(std) Psed

(Eq. 6-30) %I = 100 _
T5eq % 0 Ap P 60(1- By,g)

Method 8 —Sulfuric Acid Mist and Sulfur Dioxide Emissions Testing

Dry volume metered at standard conditions (see equations in previous sections of
this outline)

Sulfur Dioxide concentration

Vsolution
N(Vi=Veb)\ Valiquot
Vin(sea)

where K3=0.03208 g/meq for metric units
=7.061 X 10 =5 lb/meq for English units

(Eq. 6-31) cso= K3

Sulfuric acid mist (including sulfur triox...e) concentration

Vsolution
N(V¢ = Vib\Valiquot

Vm(std )

(Eq. 6-32) CHyS04= K>

1H7

143



 where - K2=0.04904 g/meq Jor metric. units

= 1.08 X 104 lb/meq for English units

" Isokinetic Variation

Raw Data

- Ts [KeVy 1~(V";/Tm)(Pb+AH/1s.6)]
Eq. 6-33) I=100 —&
(Eq % 600A,,u,P, '
where K4 =0.003464 mm Hg - m3/ml - °K

=0.002676 in Hg - f13/ml~ °R

Concentration Correction Equitions
Concentration Correction to 12% CO9

- 12
¢ = ———————
(Eq. 6-34) 512= Cs [%002]
Concentration Correction to 50% Excess Air Concentration
100 +’%EA]
. ¢ =
. ' ‘é,ir.,.—»—-'.‘ﬁ“'-"\
Correction to 50% Excess Air Using Raw Orsat Data’ S
. ¢,
. 50T T ;
(Eq. 6-36) {- (1.5)(% O2) - (0.133) % Ng) - 0.75(% CO)
21
F-Factor Equations
F¢ Factor 100
E=Fqc
(Eq. 3-37) cs (% C02)
Used when measuring ¢; and COg9 on a wet or dry basis.
Fq Factor
When measuring Ogg4 and ¢ on a dry basis
20.9
(E ' 6‘38‘ E‘-‘-F c
4 dsd [20.9-%02d]
When measuring Ogg and ¢ on a wet basis
E=Fycys 20.9 =
0 0 V2w
(Eq. 6-39) 90.9(1 - By,) -
9 1= By
158
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Fy Faclor __
® When measuring ¢ and Og on a wet basis
* B, ,=moisture content of ambient air
¢ Cannot be used after a wet scrubber

L 20.9
(Eq. 6-40) - E=Fu s [20.9(1-Bwa)-%02w]

F, Factor .
1. Miscellaneous factor for checking Orsatdata
. 2.9 Fy 20.9- % ()94 (02 and CO9 mg&mred)
= on dry basis
100 F,  9%COy4

(Eq. 6-41) Fo=

Opacity Equations

% Opacity
' (Eq. 6-42) "~ %Opacity=100- % Transmittance
Optical Density '
i )\
. ti ty =1
(Eq. 6-48) Optical Density = log) 0 1= Opacity ]
o i Y
(Eq. 6-44) tical Density =1 -
1 Optical Density = log1 0 k_Tragz.smz'ttance]

Transmittance ' :
(Eq. 6-45) Transmittance = e ~ 1aql

Plume Opacity Correction
(Eq. 6-46) log(1 - 01)=(L1/Lg) log(1 ~ Og)
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Problem 1.

SAMPLE SITE SELECTION

The diagram below is a sketch of a duct to be sampled using tha EPA
Method 5 Sampling Train. Using Method 1 guidelines calculate the

equivalent diameter of the duct, select the best sampling site, sample .

‘port entry number, and sampling point number (the plant will wg]d

on threaded 3" diameter, 6" long steel pipe nipp]és as Sample porsds.

' Determine the sampling time at each test point and total test time.

Sketch out all work with dimensions.
' a0’

[}
1 d L’
)]

231"

baghouse

{
”
—ww = .--T --;*'-—- --'

" \\\
—
i
|
| o—=—="T—"
staightening
// - gvcnes-

Full Tt Provided by ERIC.

ERIC
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Note: This is an actual stack encoup{;red at an asphalt bateh * ' ¥ *
manufpcturing operatign. The problem requires the best possible . K
* application of Method 1 guidelines. This is.a new stationary . o
source and new source performance standards require total test ' |

time > 60 minutes and minimum time/sample point > 2 minutes. .

Y

1. rEquivalent Diameter

25" X 40" = 30.8" ¢ . YL Lot
25" + 40" .,

2. 231" total &uct dimension to exit
‘ DE = 30.8

= 7.5 diameter total

3. Sampling site selection is best at 6 diameters downstream and
1.5 upstream.

4, Chart indicates 24 or more sample points.
5. A balanced matrix (FR page 41756). requires a 5 x 5 Tayout.

6. Minimum time/point 2.5 minutes. total test iime = 62.5 minutes.
(Note: 3 minutes/point would be easiest). ' :

7. . Sketch of Sampling Site Cross-section.

40"
) - o 8
e . . . ""'!"2.5u
L . @ ] ° O w| o wifpme
. §"
o o (] ® 0= e~
— & 5“
o ® L e ];"Om— ek Lol -
25" ) 5"
o ° ] ° G = | ciimnon wn Dy oo o
- 5“
] . . . B 7.5
RPN D N D SR SN S
| |
. I ! ! il | 6"
H ! ' ! | S
| 1 ) I !
. d—le A -L — —
: 4u=5 8" ! 8" ! 8" | 8“
e N
'2" ) . 0
144 '
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- Y [
" . S ‘\.'\ ) ' ‘ '.M
! . Sample Point ’ Distance from 6" Long Nipple Opening
’ . . - - . . . ‘

1 ‘o . \2.5u +l6|'| =8.5" , \

2, S B IR RN XN .

3 e 12,5 4+ 6" = 18,5 R g
s 4 - 175" 46" = 23.8" 1 |

5 22.5" + 6" = 28.5"

Problem 2. , ' _ ‘
An "S" type pitot tube was used with an assumed Cp ='0.85 for per- .

forming a source test. Laboratory calibration of the tube showed

that for the conditions at the source the actua! cb = 0.80, Explain

, ; L all the ramifications of this error given the data below.
- ; B Bws = 7% |
' M, = 30.01b/lbmole .
P =30.04 in. Hg
Ap = 1.2 in H20 .
o = 60 minutes
TR = 700 . “
Vm = 45,25 SCF _ .
(std)
Particulate Concentration = .2 grains/DSCF
= 2
A 20 ft.




A. Velocity - | \
+ 1 G =0.85 _ 1 .
| vy = 85.49 (0.85) | J00LL2) | ,p 060 0
. 5 30.04(30.0)
. o ..
: 2. G = 0.80 B T
v = 85.4 (.8) | —700 (1.2) = 66.03 ft./sec
- 30.04 (30.0)
- ) .
) | 5.88% error S S

B. Volumetric Flow Rate

= 0.85

1 g, =0 | |
Qg = 3600 (1-0.07)(70.16)(20) (17. 65) (-gg;gi, = 3,558,000 SCFH
S 700 -
2. C, = 0.80 )
T Qg = 3600 (1-0.001)(55,03)(20)(17.65)(-3%39ﬁ) = 3,348,000 SCFH

5.90% error
C.  Isokinetic Flow’Rate _
| 1. Nozzle Velocity ,
a. Cp = 0.85
Nozzle velocity (vn) > stack gas velocity
Overisokinetic

b. Cp = 0.80 vn = vs = jsokinetic

2. Overisokinetic Condition
a. Biased sample with small particles

b. 0.2 gr/SCF < real concentration

~>
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Problem 3.

Stack Gas Velocity

'.An "S" type pitot tube with aicp'= 0.84 was used to fake a
stack gas velogity reading 1in an oil fired power plant
duct. The circular duct had a diameter of 10ft. The
4p measured in the duct was 0.5 in. H,0. The
average stack gas temperature was 300°F. The wet mole-
cular weight of the gas was 30.0 gm/mole. Mojisture con-
tent was 6% H,0. Abso1ute;stack pressure was 30.0 in. Hg.
Calculate the average gas velocity in feet/second. Calcu-
late the volumetric flow rate in standard cubic feet/hour.

——

1. Average Stack Gas Velocity

(T) ap %
a. vo = K C

S PF P M

30.0)(30
=46.7 ft/sec

M
. 760°)(0.5) | 3
v¢=85.49 [ . J (.84)

2. Average Stack Gas Volumetric Flow Rate (Dry SCFH)

. p
a. Qg = 3600 sec./hr. (l-Bws)(vS)(Area)[szs R] s
| T.°R 4 29.92in.
b Qg = 3600 sec./hr. (1-0.06) (46.7ft./sec.) n (5ft.)2

528°R 30.01'n.Hg. = 8,646,000 SCFH
760°R 29.921in.Hg.

16Y
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What would be the Qu]umetric flow rate of the stack gas exiting the duct

%

in the above problem in actual cubic feet/hour at stack conditions?

a,. Qa ;= (vs ft./sec.) x (Area) x 3600 sec./hr,

[T

b Q (46.7 ft./sec.) = (5ft.)2 x 3600 sec./hr.
= 13,204,00C ACFH
Problem 4.

Molecular Weight of a Stack Gas

An integrated bag sample of the stack gas in coal fired power plant
duct was analyzed by orsat. The orsat 1ndicatgd readings for CO2 -
14.2; 0, - 21.4; and CO - 21.4," The moisture content of the stack
gas was 7% H20 vapor. What is the molecular weight of the gas?

1, Stéck Gas Constituents

CO2 14.2% by volume
02 21.4 - 14.2

7.2% by volume

CoO =21.4 -~ 21.4 = 0%
N2 = 100 - 21.4 = 78.6% by volume
H20 = 7%

2. Dry Molecular Weight of Gas ' |

Mdry = ¢ Mx Bx Mx = Molecular weight Bx = Mole fraééion
component expressed as % by
volume

-

*Note: Crsat analysis readings indicate a direct ¢ reading for C02 and
additive readings for 02 and CO. Therefore in the problem above:

C0, = 14.2% by volume (read directly)
0
Co

2 02 - CO2 2l.4 - 14.2 = 7.2% by volume
OZ-CO

21.4 - 21.4 = 0% CO by volume
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et ogh v titetd

Mdry = 441b/1b-mo1e(%002) + 321b/1b4mole(%02) + 281b/1b-mole(%CO)
< o+ 281b/1b-mo1e(%N2)
=44(,142) +32(.072) +28(0) + 28(.786)
= 6.248 + 2.304 + 0 + 22.008
= 30.5601b/1b-mole

3. Wet Molecular Weight of Gas

M

M dry (I-Bws) + 18(Bws) B, = % H,0 vapor in stack gas
30.5601b/1b-mole (1-0.07) + 181L/1b-mole (0.07)
28.421 + 1,26

29.6811b/1b-mole

Problem 5.

Moisture Content of a Stack Gas

Reference Method 4 for determination of the moisiure content of a
stack gas was completed at a coal fired power plant duct. From the
following data calculate the H20 present in the stack gas.
vmetered = 1.258 (F
Test Time = 20 minutes
t °F = 80

250

P = 30.25 in. Hg.

(a g

wn
[
-n
]

Hzo Volume collected in the Impingers = 2.6 ml
H20 Weight increase in Silica Gel = 2.4 fm.

1. Volume Metered at Standard Conditions.

ERIC | 171



Gy

v =y [ Tstd] P ,
m m
. (std) P T

std m
- 528°R 30,25 in.Hg.
V. = 1,258 CF| — ‘ = 1,244 SCF
M(std) 29.92in. Hg, 540°R |

. 2. Hy0 Condensed Converted to Standard Cubic Volume of Hy0 Vapor

a. Impinger (V)

2.6 M1 X 0.04707 SCF/ml = .12238 SCF
b. Silica Gel (ng\

2.4 m. X 0.04715 SCF/ml = .11316

3. (Bws) Moisture Content
VvV +Y 0.236
B . = WC 59 X 100 = = 15.95%
T 0.236 + 1.244
wC Sg m(std)

Problen 6.

*Note:

Percent Isokinetic

+A 1 hour long source test conducted at an o0il fired steam generation

facility provided the following information:

¥

Average Stack Temperature = 300°F

Average Stack Gas Velocity = 50,0 ft./sec.

Votume Sampled at Meter Conditions = 40 cubic feet
Average Temperature at the Meter = 70°F
Static Pressure in the Stack = +0.2 in. Ho0
Barometric Pressure = 30.26 in. Hg.

Average Pressure Differential Across the Orifice = 1.5 1n. H,0

Vm = Volume at meter X Dry Gas Meter Correction Factor (DGMCF)

In this example assume DGMCF = 1

172 155
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H,0 Collected in the impingers = 100 m]
Sampling Nozzle Diameter = 0.250" inches
What is the % isokinetic' for this source test?

a. % lsokinetiq from Raw Data ,
- L ”n AH
Ts R [K(VO]UHE HZO) + (Vm/Tm) ,.. b + '1-3-'—6-).]

% =100 X —
Vs 60sec./min. (emin.) P (Nozzle Area)
heog1 |
' __in.Hg -ft.3 40ft, 3 1.5in. H,0
: . 760°R [( 0.00267 —~ )(100m1) $ —_—— (30.261’n.Hg + —-——-—-—)J
%1 = 100 x nl - °R 530 °R 13.6

~0.21n. 1,0 _
(50ft./sec. )60sec. /min. (60min. ) (30. 261n. Hg + ———=.)(0.0003408 ft2)
| . | 13

The 1 hour second stack test at the same faqility gave intermediate
data as follows: |

% Hy0 in Stack Gas = 6.5 |

Volume meteredlat Standard Conditions = 38.8DSCF

Static Pressgre in the Stack = 0.25 in, H,0

Barometric PEe55ure = 30.30 in. Hg.

Nozzle Diameter = 0.248 inches

Average Velocity = 49.8 ft./sec.

Average Stack Temperature = 296°F

What is the percent i;okinetic_for this source test?

21 =100 x ——~ TSVm(Std) PStd
Tsgd'sPs omin. (60sec./min. )(Nozzle Area)(1-8 )

Q .

)
CoE e



b. % Isokinetic.

$10.100x 760°R (38.8ft.3) (29.92in. Hg.)

(528°R)(30.30 + ?§Z§)(49.8ft./sec.)(1-0.06)(3600)(0.0003352ft.é)

= 97.05

e’
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ADDITIONAL PROBLEMS

BACKGROUND

During a recent presite survey at a wood waste boiler

in Pactolus, North Carolina, the following-information
was obtained concerning emission description and emission
information from the exhaust of the boiler:

a) Sketch
[
3
°1 T
39" |
X_L 125"

O

'b) Information

% Moisture in Stack Gas (Bys): 7.0 %

Stack gas Temperature (tg): 303°F
Average Ap:  0.15 " Hs0
Cp: 0.845
Orsat Data: COp: 14.2 %
0s: 5.0 %
co: 0.0%

Absolute Stack Gas Pressure: 30.3 " Hg
Stack Diameter: 16"
Stack Configuration: Circular

.PROBLEM 1.
With the assistance of Federal Register Method 1 as outlined in

Vol. 42, No. 160, Aug. 18, 1977, complete the following table for
a particulate traverse.



PROBLEM 2.

‘PROBLEM 3.

TABLE #1

Sample Point Circular Stack Distance From
Number % Diameter Sample Port
-{ Opening in.

-

10.

]1.

Determine the following parameters:

Average Stack Gas Velocity (v.): ft/sec
Average Stack Gas Volumetric Flow Rate (Qg): DSCFH
Actual Stack Gas Volumetric .Flow Rate (Qai: ACFH

During a recent visit to a fertilizer plant, the following
information was obtained concerning emissions from the drying

operation:

Stack Temperature (tg): 300°F

Per Cent Moisture in Flue Gas (Bys): 12%
Per Cent 02 in Flue Gas: 2%

Per Cent COp in Flue Gas: 17%

Per Cent CO in Flue Gas: nil

Barometric Pressure: 30.1 " Hg

Pressure of Stack: -15.0 " H20

Cp: 0.842

Ap: 2.5 " Hy0

From the above information, determine the average stack gas

velocity (:é).

178 16
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Problem 4. . -
) s )
¢ Given the following calculate (Bws) moisture content of the stack
gas

<

H20 collected in the impiqgers =75 ml
H20 collected in the si]ica\gel = 25 gms

Volume metered = 40.20 cubic¢ feet

P = 30.0 in. Hg

ty = 100°F
Answers: B . ' o N
V. = 37.99 SCF
std

v = 3.54ft3

WCStd

v = 1.18ft3

Sgstd

B, = 11.03%

Problem 5.

Given the following information determine the "S" type Pitot tuhe
Cp, Dry Molecular Weight of the Stack Gas (Md) and Wet Molecular
Weight (Ms)’ Stack Gas Velocity, and Volumetric Flow Rate. >

Pitot Tube Data:

C ='D.99
Pstd

179
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s BBy = 0.31 in.szo

\ - Ursat Analysis |
13%

CO2 =

02 = 6%
co = 1%
N2 é 79%

Stack Data

Using the given information calculate the Concentration of Partj-

culate in the Gas Stream (Cs)’ Moisture Content (Bws)’ and %

[sokinetic for the test

(ts) = 350°F .
avg
“(Apavg) = (59 in. HZO'
PS = 29.00 in. Hg
Bws = 10% ;
AQ = 1200 ft,?2
Answers: |
Cp = 0.851._ .. .
Md = 30.041b/1b-mole
Ms = 28.841b/1b-mole
Ve = 54.98 ft/sec
Qg = 1.35 x 10° dscfn
Problem 6.

180
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Total H,0 coilected (condenser and silica) = 100 ml

Volume metered = 50 ft3

P, ° 29.5 in, Hg. .
aH = 1,6 in, H,0
t, = 100°F

tg = 300°F °

0 = 60 minutes

ve = 4870 ft./scc.
Ps = 29.00 in. Hg.
A, = 0.0003408ft.2

Particulate Catch (ﬂn) = 100 mg

Answers:

V. =46.64ft.
std |
B, = 9.186%
¢, = 0.033gr./DSCF
91 =129.7%

g
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